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PUSH BUTTON PANEL controls opera- 
tions rapidly, even at remote locations. 


FLAT VACUUM PLATEN assures positive 
hold down of roll or sheet paper up to 12%” 
width. Plot area, standard 10x15”. 


PRINTING FEATURES: Multiple symbol 
printing head—12 symbols...self contained 
ink supply. 

Pen System—capillary action; splatter-proof. 
Point joiner available. 


engineered for ease of operation...new 


INTERCHANGEABLE MODULES add ver- E 
satility...interchange with basic control 
section. e 


point plotting or continuous trace 


Slimmer, flatter, push-button fast..,Librascope’s 
newest, most advanced plotter is the result of per- 
sonally-conducted field research by Librascope 
engineers. Compact design permits rack 
mounting in groups, saves desk space. 

Many new conveniences have been added 


to answer your needs. 


OPERATING INFORMATION 
INPUT SENSITIVITY: .5 millivolts per inch 
to 50 volts per x Witt eneres ~ I 
. button scales at .5, .1, 5, 10 an milli- 
POWER: 115-volt, 60 cycle volts per inch and.1,.5, 1,5 and 10 volts per 
: inch. Vernier controls permit continuous sen- 
INPUT: X and Y inputs sitivity adjustment between fixed scales, per- 
Isolated from each other and mitting full scale plotting for any sensitivity. 
INPUT RESIST ANCE: ACCURACY: Static .1%, dynamic .2% at 10” 
wes per second. 
2 megohms nominal on ‘ 
most scales. 1 megohm per PLOTTER CALIBRATION ACCURACY: 


volt on .5 millivolts per inch 
to .1 volts per inch scales. SLEWING SPEED: 20” per second. 





For full details — dimensions, applications, list of accessory equipment, call our Sales 
Engineering Department or send for illustrated brochure on Model 210, XY Plotter. 
For information on career opportunities at Librascope, write Glen Seltzer, Employment Manager. 


LIBRASCOPE division GENERAL PRECISION, INC. « 808 Western Ave., Glendale, California 
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portable 


PYROMETER 
POTENTIOMETER 


MODEL 73P0 


FOR MEASURING TEMPERATURES 


Electrically 


THE LEWIS ENGINEERING CO 


Mb 
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Laboratory Standard Potentiometer. A new line of temperature- 
controlled 6-dial instruments, reading from 2.101010 volts by 
microvolts, or from .2101010 by .1 microvolts, and calibrated to 
be useable for linearity to an accuracy of + .0002% or better. 
_ Absolute guaranteed accuracy of + .001% is 10 times better 
than any ‘ike equipment available commercially today. Excellent 
resolution permits use as a 

saturated standard cell com- 

parator. Available with acces- 

sory items such as Four Ter- 

minal Type Resistors, Volt 

Ratio Boxes, Low Thermat EMF 

Transfer Switches, Galvanom- 

eters, Constant Temperature 

Standard Cell Enclosures and 

Saturated Standard Cells. 








Model RFYC 


Radie Frequency 

“Self Checking” 

RMS Voltmeter 

for the certification of 
VTVM's from DC to 10 Mc. 
Accuracy + .3% of full 
scale, + .2% frequency influ - 
ence. Ranges .01/.1/ 1/3 v. 
Checks its own accuracy 
against a .05% stable in- 
ternal standard source. In- 
strument reading with 

changes in frequency is 
stable and exactly reproduc 

ible. Diamond Pivoted of 





Calibration Console. Accuracy + .05% of actual 
reading DC to 25kc. Ranges .5v. to 1iilv. and 

ma. (2 ma, on AC) to 11.11 amps in decades of 
.ly. and 1 ma, Resolution + .01%. Direct read- 





‘ out in % error as well as in actual values. Con- 


sole consists of a Hermach type AC-DC thermal 
transfer standard and a separate DC Calibrator. 
Complete with + .005% stable reference 
source, high sensitivity galvanometer and self 
contained controls. Designed for one-man opera- 
tion! Model LT-PS is a wide range, low distor- 
tion (.1%), highly stable AC power supply de- 
signed to operate within the full capabilities of 


the console. 


_ INTERIOR DECORATION 


a Leorlirg 29) 


Wide Range Calibrator, Laboratory Standard and General 
Purpose Power Supply. Model Thach: AC/DC ‘Self Check- 
ing” Volt-Amp-Milliammeter. Accuracy + .2% to 4kc. 
Ranges 10/20/50/100/200/500 ma.; 1/2/5 amps; 1/2/ 
5/10/20//50/ 100/200 /500/1000 v. Checks its own accu- 
racy against an internal standard cell, Model Thach-PS: 
Regulated power supply with interlocking controls. Auto- 
matically shuts off power to the Model Thach when switch- 
ing ranges, reducing danger of accidental overloading of 
standard and/or instrument under test. Output is DC: and 
60 cps. (50-2500 cps can be plugged in). 


by SENSITIVE RESEARCH 
i 


Modei THACH AND THACH-PS 


Model LTC 


“Model STV 


+ 01% accurate, = .005% 
stable DC reference source! 
Ranges 1.0000v. and 1.0185v. 


-For use with “null balance” 


devices such as potentiom- 
eters and other infinite im- 
comparators. Unaf- 
fected by vibration, extremes 
of temperature, or changes in 
operating position. Can be 
short circuited indefinitely 
without affecting 
accuracy or life ex- 
pectancy. Input 90- 
140v. at 15°c-35°c. 


REDECORATING!? ... make sure you see SRIC’s approach before you make your final plans. 
While most instrument manufacturers have gone “fascinatingly electronic,” SRIC has been 
moving into the complete field of accurate and dependable measurements through the 


application of fundamental electrical indicating instruments and primary standards . 


Words like “Automation” and “Versatility” have not been ignored .. . in most cases they've just 
been combined with “Reliability.” Whatever your interest ... Primary or Secondary Standards... 
Portable, Panel or Special Instruments ... investigate Sensitive Research ...the electronic world’s 
most respected Sennchre of Feliapie mencint equipment: ie 
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HIGH BRIGHTNESS and REGULAR TYPES 


t mtg., 15/32”) 
DIALCO’S Sub-Miniatures (Front mtg: 
use tiny T-2 Neon Glow 
Lamps: NE-2] (High 
Brightness) at 105-125 V., 
A.C.; or NE-2D (regular) 
at 105-125 V-, A.C. or D.C. 


jes mounts from 
NEONT of panel in 15/32 
clearance hole (supple- 
ments 17/32" Series). 
Also—units for mounting 
from BACK of panel in 
15/32” clearance hole. 
Unique lenses 19 5 colors; 
give ali-angle paseo 
its are fully insu! . 
or applicable Mil. Specs. 


Ask for Brochures 
L-159B and L-162. 


(Ittust. approx. actual size) 


No. 137-8536-931 
(Front mtg., 17/32”) 


No. 145-5036-991 


(Back mtg., 15/32”) 


DIALCO 


INCANDESCENT 


2-TERMINAL and 1-TERMINAL TYPES 
Naf Front mts, 15/32" 


- | 


T-1% il 


Designed for use with 
T-1 % midget flanged 
incandescent lamps— 
1.3 V. to 28 V... 
NEW Series mounts 
from FRONT of panel in 
el clearance hole— 
supplements 17/32” Serj 
ny Pg od for rg ene 
rom CK of i 
15/32" clearance wt age - 
Unique lenses in 7 colors. 
Units are fully insulated; 
meet applicable Mil. Specs, 


_ heer L-156C No. 150-2000-978-2 
, and L-162, Spring-mounted Lens-with- 
1-7, inal Pilot Liat Message is rotatable. 


s For use on grounded F 
circuits. Mount in 13/32” ee 
or 15/32” clearance 
hole. Binding screw 
or soldering terminal. 


SAMPLES ON REQUEST—AT ONCE~NO CHARGE 


42 STEWART AVE., BROOKLYN 37, N. Y. @ HYacinth 7-7600 
See us at Booths 2829-2831, Radio Engineering Show, March 21-24, 1960 
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Solid State Reliability 
~410 me Counter 


The CMC 700 Series is the only major breakthrough in counting, timing and 
frequency measuring equipment in the past 10 years. Here is the first successful 
application of transistors to high frequency counting and timing. Transistors per- 
form all the functions in CMC’s 700 series that required 63 tubes in old style 
counting equipment. These are the most reliable counters ever made. 


TRUE DIGITAL LOGIC CIRCUITRY 

By answering an obvious need for a completely new, up-to- 
date approach to counting and timing instrumentation, CMC 
has produced solid state instruments with greatly simplified 
circuitry, using logic “and” and “or” gates. 


LIGHT AND SMALL, 

LOWER POWER DRAIN 

Each 700 series instrument weighs only 27 pounds, meas- 
ures 7 inches high, 17 inches wide, and 14 inches deep. 
Power consumption is a meager 46 watts, 1/10 the amount 
for vacuum tube models. 


DO ALL THESE JOBS 


Measure frequency from dc to 10 mc, time interval from 
0.1 asec, ratio 1 cps to 1 mc and unlimited multiple period 
selection. Frequency converters available for higher fre- 
quencies. The counter also generates time interval marker 
pulses from 1 “sec to 1 second. Data can be presented on 
standard decades or inline Nixie tubes. The 700 series will 
operate digital recording equipment, punches, inline read- 
outs, and other data handling gear. 


These Features, Too-—Decade count-down time base 
— frequency divider circuits never need adjustment. Accu- 
racy, +1 count oscillator stability. Sensitivity, 0.25 v rms; 
input impedance, 25 k ohms/volt. 


And The Price—Higher than vacuum tube models. But 
you can save the difference on down time in the first year. 
Model 727A Universal Counter-Timer, $2,750; Model JOIA 
Frequency-Period Meter, $2,575 ; Model 757A Time Interval 
Meter, $1,975. Rack mount optional at no extra cost. All 
prices f.o.b. Sylmar, California. 

More Information Ayailable — Your nearby C. 

neering connie will be happy to ap Fhe 

stration and provide you with complete infor- 

mation. Or you may write Department 553. 


Computer 
Measurements Co. 
A DOwsieion of Pacitie Industries 
12870 Bradiey Avenue, Syimar, California 
Phone: EMpire 7-2161 
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The 


proven 
method of 

maintaining 
Accuracy 


LETTERS TO 
THE EDITOR 





Editor, 1&CS: 


Please send us a list of the survey 
articles, such as the one on Data 
Loggers in your December issue, 
which you have run in the last year 
or so. We find them helpful in equip- 
ment selection. 

Hy. Olken 
Electronics Engineering Dept. 
U of Calif. 


Livermore, Calif. 


Strain Gage Equipment— 
March, 1958 
Recorders—May, 1958 
Weight Instruments— 
December, 1958 
Environmental Equipment—July and 
September, 1958 
Nuclear Instruments—April, 1958 
Delay Lines—October, 1958 
Electrical Instruments—January, 1959 
Readout Devices—June, 1958 


Improved reliability and sustained quality control, 
through periodic calibration of test instruments, can 
be achieved by semi-skilled personnel using either 
of these self-contained standards. 


Scanners—August, 1958 

Wheel and Belt Readouts— 
September, 1958 

Display Readouts—October, 1958 


Model 829 provides full-scale calibration 
accuracy of 0.5% for both AC and DC meters 
over ranges from 0.25 millivolt to 2000 volts 
and 2 microamperes to 20 amperes. AC cali- 
brations can be performed from 50 to 400 cps., 
depending on line frequency used, or unit can 
be driven by optioned variable frequency 
power supply. Automatic protection for both 
operator and instrument under test is provided 
by interlocks and high voltage discharge cir- 
cuits. Net price $2,650. 


Model 829A provides full-scale calibra- 
tion accuracy of 0.25% for AC and DC meters 
over same ranges as Model 829. Horizontally 
mounted standard meters are employed, and a 
fluorescent light is provided for proper illumi- 
nation. The illustration shows the Model 829A 
mounted on the Model 10 Test Equipment Cart 
with the standard meters recessed into a drop- 
leaf work shelf. Mounted inside the Cart is the 
Model 500 Variable Frequency Power Supply 
which will supply any frequency for calibra- 
tion from 50 to 400 cps., plus excellent line 
regulation. Net price of Model 829A with spe- 
cial Weston meters is $3,150. 


Performance is rigidly guaranteed. 
Prices are f.0.b. Boonton, N.J. 
and subject to change without notice. 


nil LABORATORIES. INC: 
le Boonton New Jersey U.S 





Math Tools—November, 1958 

Acceleration and Vibration 
Equipment—April, 1959 

Printers—May, 1959 

Viscosity—June, 1959 

Compensation Devices— 
August, 1959 

Potentiometers, Bridges— 
September, 1959 

Pressure Recorders—October, 1959 

Loggers—November and 
December, 1959 

Control Computers—December 1959 
and January, 1960 

Temperature—January, 1960 

Acceleration Generators— 
February, 1960 

Vibration Testers—February, 1960 


Editor, I&CS: 


Referring to your proposed policy 
that any two articles published in 
your magazine should not appear on 
the same page or on the reverse side 
of the page, we say “fine”. 

We should like to go one step 
further, however, and suggest that 
if the size of the article warrants, 
that it not be broken up by making 
one column of article and one col- 
umn of advertising. 

Emil J. Marslek 
Surface Finishes, Inc. 
Addison, Ill. 
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ional 


ASHCROFT PNEUMATIC TRANSMITTERS give you 


a true primary and transmitted signal for indication or control 


ction 


Now—detect with precision accuracy the slight- 
est change in primary pressure or temperature. 
Transmit this signal quickly to your indicators or 
controllers. Ashcroft Pneumatic Transmitters 
achieve these results for you at the lowest initial 
and operating costs. 

Full-range, solid-front indicating and totally 
accessible nonindicating transmitters eliminate 
the need for costly high pressure lines, yet permit 
complete monitoring of process conditions in re- 
mote areas. 

Narrow-span Ashcroft Transmitters are ex- 
pressly designed with highest sensitivity and re- 
peatability for the most accurate primary signal 


MAXWELL 


TRADE MARK 


A product of 


MANNING 
IN| JNOOW 9 


Ashcroft Indicating 
Pneumatic Transmitter 


feed to controllers. You get better control and 
purer, lower-cost final products. 

Only in Ashcroft Pneumatic Transmitters can 
you get the wide choice of Ashcroft Duragauge 
Bourdon tubes or American mercury or gas- 
actuated systems for sensing pressure or temper- 
ature conditions. You also get a time-proven, 
obstruction-proof, force-balance, nonbleed relay 
for economical, maintenance-free 3-15 psi or 
3-27 psi signal transmission. 

Write for factful Bulletins 360 and 361 or ask 
your nearby Ashcroft Distributor to help you 
select the right transmitters and receiver gauges 
for your specific requirements. > 


ASHCROFT PNEUMATIC TRANSMITTERS 
MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division + Stratford, Connecticut 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
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electro- 
magnetic 


Clutches... 
| Brakes 


« - « designed for tomorrow’s 
requirements rather than 
yesterday’s applications! 


Whatever the requirements — for missiles or machines — for com- 
puters cr conveyors — for rockets or rolling mills — there’s a 
Stearns Clutch, Brake, or Clutch-Brake designed, tested and in 
production for that application . . . right now! Stearns Standard 
Line covers the most complete range available anywhere . . . from 
complete lines of tiny-but-rugged Miniatures — up to the heavy- 
duty, hi-torque units used with ball mills and steel mill equipment. 
“Designed for Tomorrow’s Requirements’ signifies: 1. Prompt 
availability of fully assembled, tested units. 2. Higher torques in 
less space, with less weight — while maintaining up to 3 times the 
friction lining area of competitive units. These factors alone in- 
sure delivery WHEN you want it — at lower shipping costs... 
install them faster, easier . . . units that will operate more quietly, 
efficiently, smoothly — with less maintenance, 1-o-n-g-e-r, under 
ALL conditions. Proof... over 40 years of steady growth in just 
this one field — Clutches, Brakes. 


For solutions to YOUR brake and clutch problems, call the 
Stearns representative in your vicinity. Or write, stating your 
specific requirements, directly to. . . 


120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 


1, - A ELECTRIC CORPORATION 
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LETTERS TO 
THE EDITOR 





Editor I&CS: 


Mr. Kaufman gives the wrong im- 
pression when he says that I “stated 
that the words ‘probable error’ 
should be standard deviation. . . .” 
I propose the use of the standard 
deviation or analog of it. One kind 
of standard deviation can be ob- 
tained by repeated comparison of 
two instruments with each other; 
another kind from comparison with 
a standard. It is agreed that this is 
a complex field. A discussion of the 
mathematics appears in Tables on 
the Bivariate Normal Distribution 
Function and Related Functions, 
NBS Applied Math Series 50, June 
15, 1959. 
E. Harvey Barnett 
Statistics Group 
Monsanto Chemical Co. 
St. Louis, Mo. 


Editor, 1&CS: 
In the July, 1959 issue of your 


| magazine you indicate by an article 


of Mr. Roy Horton, page 1024, the 
existance of automation control val- 


| ves of small sizes for low pressures. 
| We would appreciate your furnish- 


ing us with the addresses of manu- 
facturers of such valves. 


Societe de Produits Chimiques 
Courrieres-Kuhlmann 

Harnes (Pas-de-Calais) 
France 

Plant Manager 


Editor, 1&CS: 


I refer you to Reader Inquiry NR 
A-335, September 1958 issue of I&CS. 
I suggest that the Belgian develop- 
ment company seeking cartographic 
equipment investigate the feasibilit 
of utilizing the M-1 Land Odograp 
developed by the Monroe Calculating 
Machine Company (Orange, N. J.) 
for use by the US Army. 

The ODOGRAPH, land, Model M- 
1 was developed for use by the Army 
to do hasty mapping in theaters of 
operation—principally in areas where 
no mapping existed. Details of its 
operation and installation are covered 
in War Department Technical Man- 
ual (TM) 5-9401, dated 7 September 
1943. Copies of this Technical Man- 
ual are unclassified and may be ob- 
tained from the US Government 
printing Office, Washington 25, D. C. 
A nominal charge is made to cover 





printing, of course. 

In general the Land Odograph is 
a mobile cartographic drafting instru- 
ment, designed or mounting in a 
standard 14 ton truck. It is driven 
from the transmission of the vehicle 
and actuated by a special compass. 
The plotting table is about 18” b 
12” in size and the instrument will 
plot the course of the vehicle to most 
any desired scale. It either traces its 
own course or can be used to follow 
a predetermined course plotted on a 
map attached to the table. Accuracy 
is more than sufficient for normal 
military use. The magnetic compass 
is extremely sensitive and must be 
calibrated for a particular vehicle 
and driver. My father used 21 of 
these vehicular mounted odographs 
in survey work in the Aleutian Is- 
lands during World War II with ex- 
cellent results. I have had limited ex- 
perience with the Odograph in Euro- 
pean operations and in Korea. 

The Monroe Calculating Machine 
Company should be able to provide 
additional information. The usual ap- 
proach through the American Mili- 
tary Mission in Belgium or through 
NATO should determine the availa- 
bility. 


Robert A. Atkins, Sr. 
Major US Army 
Ford Ord, Calif. 


Editor, 1& CS: 

Referring to medical automation, 
should not the future first be pre- 
ceded with a grouping of literature, 
which could well be done with IBM 
methods? Describe the patient, the 
symptoms and the treatment and 
finally, perhaps, the result. If a 
physician has a patient, he could 
send the data 2 symptoms to a 
central library, and with electrome- 
chanical means the literature _per- 
taining to such cases is found, and 
an abstract is sent to the physician. 
Of course this would also require 
that all doctors send short reports to 
the information center. 

Now, physicians generally have no 
time to read literature. They throw 
out all incoming literature (auto- 
matically by secretary). They read 
only the Medical Digest (something 
like Readers Digest) to pick out a 
few new drugs. They sell their time 
at the rate of $1 per minute, and “si 
la va, la va” as the Italians say. 


a amt See 
onsulting neer 
Larchmont, No} Y. 
Here indeed is a most exciting and 
literally "vital" concept—EDPMs 
(electronic data processing machines) 
applied to diagnostic technique. This 





Special close tolerance 
thermocouple wires for 
precision research and 


laboratory control work 
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Chromel-Alumel 


THERMOCOUPLE ALLOYS 


Hoskins Chromel-Alumel thermocouple 
alloys are the world’s basic standard of 
accuracy for controlling the heat. treat- 
ment of metals—the only base metal 
materials known having established and 
guaranteed temperature-emf character-- 
istics over a useful operating range from 
—300° F. for cryogenic applications up 
to 2300° F. for measuring temperatures 
in industrial furnaces, nuclear reactors 
and jet aircraft engines. 


Now, in addition to standard guaranteed 
millivoltage material, these extremely 
durable, ultra reliable alioys are also 
being produced in the following special 
grades for precision quality control: 


Specification 3-G-178—Accuracy guar- 
anteed to % standard tolerance limits. 
Specification 3-G-170—Accuracy guar- 


anteed within +5° F. over temperature 
range from 1000° to 2000° F. 


Available through instrument manufacturers, thermocouple fabricators, 


and pyrometer service companies. 


Write for complete technical data. 


oe Si ee ic Neat a : 3 me ie ee Mees % hh 
Custom-Quality- resistance, resistor and thermo-electric alloys since 1908 
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MODERN 
OSCILLOSCOPE COMMERCIALLY 


‘te 


AVAILABLE 


The first oscilloscope 
with digital and printed 
ReadOut, and versatility 
exceeding all other com- 
mercial models. 


DC to 35 mc—useful to 60 me e Largest useful viewing area—5 x 10 cm. 


Accurately repeatable measurements- =» Modular construction—replaceable 
even by untrained personnel modules 

Direct reading digital ReadOut of Two plug-ins used simultaneously 
measurements BED ed ; ; 
Analog to digital converter—external Electronic switches in X, Y and Z axis 
recorders of all types @ No tube selection required 


The Du Mont 425 will outperform any commercially available oscilloscope 
in its class. The 425 is not only a dc to 35 mc scope (useful to 60 mc now, 600 
soon), but simultaneous use of two plug-ins from a large selection of functional 
plug-ins extends its versatility to infinity—it defies obsolescence. Add to this such 
features as: digital ReadOut of measurements, a unique two-dot system for making 
accurately repeatable measurements by minimizing human error, joystick control 
of traces, replaceable modular construction, and many others. The more you know 
about scopes—the more you'll want the 425 by Du Mont. Write for complete 


technical details. neNee: $2 75000 
See us at the IRE 


Show, Booth 3901-2 ‘without plug-ins) 


precision electronics is our business 


ELECTRONIC TUBES/ INDUSTRIAL TV/ MILITARY ELECTRONIC Sy'MOBILE 
COMMUNICATIONS SCIENTIFIC INSTRUMENTS AUTOMOTIVE TEST EQUIPMENT 


ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J., U. S. A. 


INTERNATIONAL DIVISION * 515 MADISON AVENUE, NEW YORK 22, N. Y. © CABLES: ALBEEDU, NEW YORK 
SEE US AT IRE SHOW BOOTHS 3901-3902 
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LETTERS TO 
THE EDITOR 


is but one of the possibilities that will 
be explored in the new forthcoming 
publication Medical Electronic News, 
which will be a sister publication of 
Instruments & Control Systems. 


Editor, 1&CS: 


On behalf of the officers and mem- 
bers of the American Society of Tool 
Engineers, I would like to take this 
opportunity to congratulate you on 
your experiment in education at the 
highschool level. 

We are all aware that most stu- 
dents entering colleges and universi- 
ties have no idea what they plan to 
major in. This experiment may not 
only help students to make up their 
minds as to what fields they will 
enter, but will also give them a better 
knowledge of science. 

This is a very worthwhile project. 


J. A. Bircher, Chairman 


Pittsburgh Chapter—A.S.T.E. 
Pittsburgh, Pa. 





Editor, I1&CS: 


With regard to your report on the 
Pittsburgh school program of Tech- 
nicians, I think your group is mak- 
ing a fine contribution to the national 
educational program, which is worthy 
of copying elsewhere. 


N. W. Hartz 

Technical Products Division 
Mine Safety Appliances Co. 
Pittsburgh, Pa. 


Most of the students went to 
college. 


Editor, 1&CS: 


We hear and read so much about 
the status of Science education. Your 
editorials on Pittsburgh’s high-school - 
program are interesting. I hope that 
there is not too great a commercial 
aspect in the education experiment. 

Equipment does not necessarily 
make a good educational program. 
The teacher is the key to the whole 
matter with, of course, adequate phy- 
sical facilities and a respectable 
salary. You, of course, are aware that 
doubling the salaries of some teach- 
ers would not make them better teach- 
ers, but better salaries should at- 
tract better teachers. 

I am sure you agree that we can 
also have good educational programs 
including science courses without 





Can A Ball Valve Operate, 
Cycle After Cycle, With 
No Maintenance At All? 


Read this remarkable an- 
swer, and discover an 
amazing engineering 
feat. 


As most engineers know, ball 
valves offer a number of distinct 
advantages over all other types of 
valves .. . 90° on-off, minimum 
pressure drop, positive on-off in- 
dication, no lubrication, and com- 
pactness. In common with other 
valves, however, the design was 
insufficient to overcome the prob- 
lem of continual maintenance. 


Four years ago, this problem was 
faced by Hydromatics, Inc. in the 
valves that they produced for use 
in missiles, aircraft and ground 
support systems. Then, as today, 
all other ball valves were built 
with a ball that floated in its 
socket, and sealed by being forced 
against its seat by the pressure in 
the line. This caused seat distor- 
tion which made early replace- 
ment necessary. 


Hydromatics tried a different ap- 
proach. Rather than use the tra- 
ditional floating ball, their engi- 
neers fixed the ball in bearings. 





Fixes ball 
Floats seat ral 











In the bearing-fixed FLO*BALL 
valve all pressure forces exerted 
on the ball are transmitted to low- 
friction bearings, thus eliminating 
down-stream seat distortion due to 
ball load. The pressure balanced 
seat, with its teflon sealing sur- 
face, is continually self-adjusted 
by the O-ring in the seat retainer. 





This O-ring acts as a self-energiz- 
ing force that keeps the teflon seat 
always in contact with the ball. 
This insures positive sealing with- 
out seat distortion, and minimizes 
seat-resisting frictional forces. The 
combination of these low frictional 
forces results in low operating 
torque and extremely long seat 
life. 


The bearing-fixed FLO*BALL 
valve proved itself immediately. 
Hundreds of missile and space- 
craft systems, previously impos- 
sible, were made possible with 
these valves. The X-15, America’s 
first manned space vehicle, for 
instance, has a Hydromatics 
FLO*BALL valve at its heart. 
Since its inception, the FLO* BALL 
has been used in more varied 
applications than all other ball 
valves combined. 


Now, after the toughest applica- 
tion testing in history, bearing- 
fixed FLO*BALL valves are being 
mass produced for industry. They 
are available for off-the-shelf de- 
livery to standard ASA dimen- 
sions in semi-steel, carbon steel, 
stainless steel, and aluminum. 
They operate at pressures to 600 
psi, temperatures to 400°F and 
hold vacuum to 10-* mm. of Hg! 


The bearing-fixed FLO*BALL 
offers extra ball valve advantages. 
Top loading for easy access with- 
out removing the valve from the 
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line, plus three features that are 
absolutely unique! Self-adjusting 
seats which automatically com- 
pensate for wear, proportional 
sealing force which automatically 
increases with line pressure, and 
the lowest torque, by far, of any 
valve. These combine to make the 
FLO*¢BALL valve virtually main- 


tenance-free! 


How long does it last without 
maintenance? Frankly; we don't 
know, since the first valves we 
ever built are still going strong 
and outlasting other valve types 
by more than 10-to-1. But don’t 
take our word for it. See for 
yourself. Call, write Gr TWX for 


further information. 


Hydromatics, Inc. 


Livingston, New Jersey 
Telephone: WYman 2-4900 
TWX-LIVINGSTON NJ 120 
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Count 


AUTOMATING 


FOR 


featuring 


INDUSTRIAL 


Control 


OR OF ee 


model HZ4 
MICROFLEX RESET COUNTER 


Use to control an operation for a 
preset number of counts. Has 
spring reset to “0.” Dial ranges 19, 
400 and 1,000 counts. 


Ask for bulletin 720. 








model HZ200 

ADD-SUBTRACT COUNTER 
Add-Subtract counter — operates 
from ADD pulses which trip switch 
at maximum limit—and SUB- 
TRACT pulses which trip switch at 
“0” limit. 

Ask for bulletin 740. 





model MT 
STEP SWITCH 


Use for sequence control from 
pulses-—19 contacts—60 cycle 
coil-break out cam lugs. 


Ask for bulletin 780. 





model HZ6 

MICROFLEX REVOLUTION COUNTER 
Use to control an operation as a 
function of mechanical movement— 
drive shaft can be mechanically 
connected to machine, spindle, con- 
veyor, etc. 

Ask for bulletin 730. 





_ 
= 
7 


* 
“ewer 


model HM 

MULTIFLEX (Multiple Circuit) TIMER 
Use for sequence control of 1 to 7 
circuits. With shaft drive for me- 
chanical connection to an external 
drive mechanism. 

Ask for bulletin 130. 


Write us regarding your count problem. 
Services of Sales Engineers in 25 district 
offices are avoilable without obligation. 
Address Dept. IC-360. 


SIGNAL COMPANY 


MOLINE, ILLINOIS 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 
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LETTERS TO 
THE EDITOR 


Federal aid. It is not absolutely neces- 





sary. 

Regarding the objectives of your 
experimental program in Pittsburgh, 
I feel they could be improved upon. 
Brief demonstrations with technical 
equipment may not create a learning 
situation if students are not well 
qualified in the fundamentals. 

I look forward to hearing more 
about your experiments. Progress will 
only be made through such endeav- 
ors, 

E. W. Tischendorf, Professor 
and Head, Industrial Arts Dept. 
Kent State University 

Kent, Ohio 


The demonstrations are used pri- 
marily to teach fundamentals—and 
the students are soaking up the fun- 
damentals at a rate far in excess of 
normal. The teacher has been care- 
fully selected and specially indoctri- 
nated. In the absence of Federal aid, 
this experiment becomes significant; 
with Federal aid much more could 
be done. 


Editor, 1&CS: 


May I congratulate you on your 
excellent editorial in the March is- 
sue, and also for the fine article in 
February on the Pittsburgh High 
School Physics Program. 

As chairman of the education com- 
mittee for West Coast Electronic 
Manufacturers Association (San Di- 
ego Chapter), I could make good 
use of some reprints of these two 
editorials. If convenient, I would like 
to have about 10 copies of each. 

Keep up the good work. You will 
find plenty of support. 

D. C. Kalbjell 
Kalbfell Electronix 
San Diego, Calif. 


We need that support. We feel 
like David fighting a Goliath—trying 
to get modern instrumentation into a 
physics class! 


Editor, 1&CS: 


Here are two pix regarding the 
“Mecalanec” Exposition, that inaugu- 
rated the new Exposition Palace 
which Paris now owns at the “De- 
fense Circle.” 

One gives the general view of the 
first floor of the hall with the central 
platform of the National Center of 
Automation; the other gives a view 
of our booth, on the left of which 
several issues of I&CS were displayed 





A PRECISE-POWER SET is a rotary electro-mechani- 
cal system, statically regulated, which performs one 
or more of the following functions: 


Isolates the DC power system from static and/or 
transient power line changes. 


Raises the power-line frequency, reducing the cost, 
size, and complexity of the system power supplies. 


Performs the conversion to (regulated or unregu- 
lated) DC directly. 

Multiple outputs 

are common. 







which frequently were inspected by 
visitors; our booth was located in the 
center of the “Measuring, Control and 
Regulation” section, of which our 






September issue reported in detail. 
J. Vivie 


Mesures & Controle Industriel 


Paris 


Editor, 1&CS: 

I’ve written over 500 letters, sur- 
veying industry to determine views 
on technician training. 

The interesting thing about this 
survey is the amount of enthusiasm 
for it that is displayed at all levels. 
Some of my longest letters come from 
company executives. And opinions 
are not merely varied. Some are in 
rather violent opposition, indicating 
that, unless someone is pursuasive 
enough to get these people together, 
supporting one common solution to 
our educational problem, no solution 
at all will-ever be effectuated. 

This situation exists at a time when 
a group of educators have just re- 
ported on a trip to the Soviet Union 
in which they became convinced that 
the Soviet has a more effective and 
productive educational facility than 
we. 

Maybe if some of the effects of 
sophistry can be overcome in the 
realm of technician training, it will 
encourage the same thing in regard 
to problems in education at all other 
levels. Maybe our Educator’s Work- 


shop can evolve some pattern. 


A. G. Hathaway 

United Electronics Laboratories 

Louisville, Ky. 

Our country has no firm leader- 

ship on many problems, only one of 
which is education. In the absence of 
such leadership we can expect just 
paootiig sp plans by individual 
groups, all opposed violently b 
many other aa ere . This is De. 

mocracy—without leadership. 

























Don’t freeze your designs for large electronic power-supply systems 
until you have given mature consideration to the striking advantages 
obtained by interposing a PRECISE-POWER SET between the power line 
and your electronic-circuit loads. 


Designers who worry about reliability, cost, size, and weight—particu- 
larly those working in the fields of computing, automation, telemetry, 
missile checkout and guidance, process control — will find our complete 
and authoritative 32-page technical bulletin $-59 of great interest. 













Why pay for, make room for, suffer for the 25%-55% of excess power 
dissipation forced on regulated DC power supplies 

by power-line fluctuations, when a compact, 

maintenance-free PRECISE-POWER SET will pay 

for itself several times over, and virtually elimin- 

ate them? 


Write today. The bulletin is free... 
and immediately available. 
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instant and automatic 

relief of excess pressure 

with dependable corrosion-resistant 
rupture discs 





In pressurized apparatus subject to corrosive action, pre- 
cious metal rupture discs provide the safest, most accurate 
and dependable relief. Platinum, gold, and silver are now 
generally recognized as specifics when dealing with corro- 
sion, Each is resistant to the corrosive effects of an impor- 
tant group of liquids and gases and will remain unattacked 
under conditions that would render many base metal mate- 
rials useless. These rupture discs, depending on material 
selected, are guaranteed to be burst +5% of specified 
pressure, Intrinsic value adds to the original cost of these 
discs but the actual metal value is recovered, no matter how 
torn or battered the discs may be. Send for literature. 


BAKER PLATINUM DIVISION + 113 ASTOR STREET 
NEWARK, N. J, 


These platinum precision resistance | 
spirals measure temperature | INSTRUMENTS 


by change in electrical resistance. | DIVISION 


Here are ideal components for both accuracy and reliability 
in temperature measuring or controlling equipment. They 
have an accuracy of + 0.1°C. 

Three types are available in a full range of sizes. A glass 
enclosed series affords high precision for temperatures be- 
tween —220°C and +500°C. Spirals are obtainable as 
standard products having a resistance of 25, 50 or 100 ohms. 
The variation in diameters, lengths, etc., are numerous. 

High temperature spirals in which suitable ceramic re- 
places the glass are also available. These are used for meas- 
uring temperatures up to 750°C. The accuracy of the 
ceramic spirals is only slightly less than that obtainable from 
the glass spiral, but still superior to thermocouples in sta- 
bility. For extremely precise temperature measurements, a 
laboratory standard resistance thermometer is available. 

Although most spirals are supplied directly to the user as 
components, we also provide a fabrication service and 
supply spirals in metal sleeves or other constructions as re- 
quired. Send for complete literature. 


INSTRUMENTS AND SYSTEMS DIVISION «+ 850 PASSAIC AVENUE 
EAST NEWARK, NEW JERSEY 





DOMESTIC DIVISIONS: AMERICAN PLATINUM & SILVER DIVISION + AMERSIL QUARTZ DIVISION « BAKER CONTACT DIVISION ¢ BAKER DENTAL DIVISION 
* BAKER SETTING DIVISION « BAKER PLATINUM DIVISION + CHEMICAL DIVISION « EAST NEWARK INDUSTRIAL CENTER ¢ HANOVIA LAMP DIVISION o 
HANOVIA LIQUID GOLD DIVISION « motes diy eg DIAMOND Brusett . iush sd nc a ae 6. Satine . sh ecu ct op ag Pe piso ghras gotta of ° 
D. E. MAKEPEACE DIVISION ¢ NATIONAL ELECTRIC IN RUMENT MENT DI ON Divi 


PROMPT PRECIOUS METAL SCRAP RECOVERY ‘SERVICE « *ENGELHARD “PROCEDURES RECOVER 
FOR INFORMATION ON DISCS CIRCLE 14 FOR INFORMATION ON SPIRALS CIRCLE 15 
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AMERICAN a a simplified mirror-bright silver 


PLATINUM 





& SILVER 


mw 2 A plating process for electrical 
and electronic components 


Here is the most efficient, simple procedure to protect elec- 
trical electronic and lamp components with a mirror-bright 
silver finish—through a complete range from flash to heavy 
deposit. The procedure is easy, economical and non-critical 
—with little or no polishing required. Silva-Brite is a clear, 
water-white solution, enabling the operator to observe work 
as it is being plated. Uniformly good results are attained 
with current densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature operation minimizes 
fumes and tendency toward bath decomposition. Send for 
descriptive data together with detailed plating procedures. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J. 


H. A. WILSON 





DIVISION 








=)” THERMOMETAL’ for dependable 
temperature, electrical current and 


voltage control applications. 























Leading manufacturers depend upon the outstanding per- 
formance of Thermometal in electrical appliances, thermal 
cutouts, heating controls and many other applications in- 
volving the indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is supplied in 
strip form, rolled and slit to close tolerances and tempered 
to specification. Thermometal elements and sub-assemblies 
are also supplied to specifications, with or without contacts 
attached. Send for literature. 























- = H. A. WILSON DIVISION © U.S. HIGHWAY 22 
THERMOME TAL CONTACTS UNION, N. J. 





COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO ¢ ENGELHARD INDUSTRIES OF QUEBEC, LTO. MONTREAL « ENGELHARD INDUSTRIES, LTD. LONDON 
¢ ENGELHARD INDUSTRIES A. G. ZURICH « ENGELHARD INDUSTRIES PTY., LTD. VICTORIA » SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S$. A. BOGOTA + 
INDUSTRIE ENGELHARD S&S. P. A. ROME ¢ ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, LTD. JOHANNESBURG. ASSOCIATED COMPANIES: ACME TIMBER 
INDUSTRIES LTD. + SOUTH AFRICAN FOREST INVESTMENTS LTD., SOUTH AFRICA « AZOPLATE CORPORATION « NUCLEAR CORP. OF AMERICA, U.S.A. 


100% OF ASSAYED PRECIOUS METAL CONTENT ¢ IRVINGTON-BAKER REFINING DIVISION 
FOR INFORMATION ON PLATING CIRCLE 16 FOR INFORMATION ON THERMOMETAL CIRCLE 17 
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MODERNIZED 
RECORDER HAS 
UNIVERSAL CASE 
for all mountings 
and connections 


Also features largest chart 
opening in the industry 
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Now, the time-proved, field-proved United States Gauge 12-inch 
pressure and temperature recorder with completely new, trim, 


practical exterior design . . 


. including many important features 


found only on higher priced instruments. Now, outside and in 
. . . the USG Recorder offers still more quality, performance and 
advantages at a money-saving price. 


Recessed back. Connections can enter 
case vertically or horizontally with- 
out special mounting. 


largest chart opening in the industry. 
i11%-in. diameter for better visibil- 
ity of chart. Shatterproof glass or 
blind door opiional. 


Removable door. New hinge pins per- 
mit easy removal of door for access 
to instrument. 


Light weight. Cast aluminum case. 
Steel back plate provides rigid ref- 
erence surface for components, pre- 


vents recording errors due to stress 
on case. 


Modern design. Enhances modern 
equipment. Stainless steel escutch- 
eon can be embossed with equip- 
ment manufacturer’s name. 


Fluorescent lighting optional. Ends over- 
heating of case. Improved door skirt 
increases light on chart. 


Dust ledge. Top and bottom. Protects 
door from dust, moisture. 


Ball pivoted pen movements. Exclusive. 
For 1, 2, 3 or 4 pens. 


Send for Bulletin 3025 today. 


UNITED STATES GAUGE ° 


Division of American Machine & Metals, Inc. + Sellersville, Penna. 
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LETTERS TO 
THE EDITOR 





Editor, 1&CS: 


I want to thank you for your won- 
derful cooperation in printing some 
of the New Product and New Litera- 
ture Publicity Releases which we 
have been sending to you. 

The inquiries which we receive are 
of great value to us in letting po- 
tential customers know about our 
products. They also serve as stimuli 
to our sales force. 

Our sales volume has been in- 
creasing nicely, in spite of the na- 
tional trend, and we feel that pub- 
licity cooperation, such as yours has 
been a definite factor in this in- 
crease. 


P. H. Coleman 
Chief Sales Engineer 
Jordan Corporation 


READER INQUIRIES 





Tapley Meter 


Librarian of industrial concern is 
trying to identify a Tapley meter 
(presumably an accelerometer). A-612 


Gold Assay Recorder 


Manager of Instrument Sales com- 
pany in Australia seeks manufacturer 
of an “instrument for the continuous 
or batch recording of tailings of gold 
assay to the degree of one penney- 
weight to the ton—0.00016%, suggest- 
ing a range from 0.0005% to 0.002%. 
This appears to be an arc photome- 
ter.” A-611 


Card Punching Device 


Engineer seeks name and address 
of company (presumably located in 
N. H. or Vt.) manufacturing card 
punching device known as ee 


Oil Well Instrumentation 


Exporter seeks supplier of (1) in- 
struments for the determination of 
space forms and volumes of under- 
ground vehicles for natural gas, oil, 
air, etc. through drilling wells of 
small diameter, con of trans- 
mitters and recorders; (2) automatic 
densimeters for condensed gases and 
oil mounted on the equipment of the 
well mouth; (38) distance densitome- 
ters which are lowered into oil and 
condensed-gas wells; (4) positive-dis- 
placement meters for water, oil prod- 
ucts, and condensed gases; and (5) 
interface meters for oil, oil products, 
and condensed gases in the under- 
ground reservoirs at a depth of 1000 
to 1200 meters. A-609 





AERIAL VIEW OF KENSICO TUBE (above) shows modern plant 
with new addition nearing completion at top left of Inset 
(sight) Kensico's year-by-year growth. 


PACE-SETTER during a period of phenomenal growth in 
northern Westchester County, N. Y. Kensico Tube is Mt. 
Kisco’s largest manufacturing: business. Products include: 
hard and soft copper water tube; copper air conditioning, 
refrigeration and instrumentation tube; and copper tubing 
for propane gas lines, heat exchangers, automotive and in- 
dustrial applications. Now, after more than a decade of 
corporate growth and expansion of production and marketing 
facilities, Kensico is set to meet the challenge of the SOAR- 
ING SIXTIES. 

IN 1950, CONSTRUCTION of first new building was started. 
Kensico had been chartered under N. Y. State Law in 1945. 
Under present management since 1948. Until 1951, company 
was located in an old cider mill which it leased (floor space 
8500 sq. ft.). 

TODAY, AFTER PUTTING UP 4 MORE ADDITIONS, 
Kensico has more than 60,000 square feet of modern fireproof 
plant and office space. 


msieo Tube 


COMPANY DIVISION 
Robinson Technical Products, Inc. 
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BY SPRING, 1960, Kensico expects to complete a new 40,000 
square foot addition to the plant. Total plant and office 
space will then exceed 100,000 square feet. 


PRODUCTION HAS INCREASED with each addition since 
1950. Ic will be still further increased in both capacity and 
range of sizes'by the new 1960 addition. 


IN THE TEN YEAR PERIOD, 1950-1960, Kensico has had a 
7-fold growth in gross sales. 


EFFECTIVE FEBRUARY Ist 1960, Kensico Tube Company 
Incorporated, Mt. Kisco, N. Y., merged with Robinson 
Technical Products, Inc., Teterboro, N. J. Robinson also has 
other corporate facilities at Hingham, Mass., and Santa 
Monica, California. The merger strengthens Kensico’s posi- 
tion in engineering and metallurgy and places new techno- 
logical know-how and experience at the disposal of Kensico's 
customers. Kensico’s new name is KENSICO TUBE 
COMPANY DIVISION — ROBINSON TECHNICAL 
PRODUCTS, INC. 


&, 


MOUNT KISCO, NEW YORK 


Kensico Products are also Available Through Warehouse Distributors 

and Sales s in Cambridge, Mass.; Middlebury, Conn.; 

Buffalo, N. Y.; Lindenhurst, N. Y.; Goshen, N. Y.; Roselle, N. J.; Phila- 

delphia, Pa.; Flourtown, Pa.; Pittsburgh, Pa.; Cleveland, Ohio; Detroit, 

Mich.; Evanston, lll.; St. Louis, Mo.; Milwaukee, Wisc.; Durham, N. C.; 
Berwyn, lii.; Ft. Lauderdale, Fla.; St. Petersburg, Fla. 





CONSOLIDATED SAFETY RELIEF VALVES have 


a special “O” Ring Seat Seal that stops leakage completely 


The Seal is a resilient ring set in the valve disc. 
It maintains no-leak tightness by contact with a 


specially curved seating surface on the valve 
nozzle, yet does not carry the seat load imposed 
by the valve spring. 


Tightness is maintained at operating pressures 
far closer to set pressure than with metal-to- 


metal seats alone. Tight closure is as efficient 
after “simmer” as on normal blowdown. Piping 
strains are absorbed far better by the resilient 
seal than all-metal seating. If the tough seal is 
ruined by entrained abrasives, replacement is 


Consolidated Safety Re- 
lief Valves are available 
in both Standard and Bal- 
anced Bellows design for 
extreme corrosive appli- 
cations. 


easy. Seals are available in materials that resist 
corrosive fluids. Maintenance costs are greatly 


reduced. 
Standard Consolidated Safety Relief Valves have 


an eductor tube that removes pressure from the 
closed bonnet. Only the spring controls valve ac- 
tion. You get guaranteed capacity ratings and 
highest dependability—absolute protection for 
personnel and equipment. Additionally, there is 
the economy of converting the Standard valve to 
the Balanced Bellows type in your own shop. 
Get complete details. Write for Bulletin 1940. 


CONSOLIDATED SAFETY RELIEF VALVES 


A product of 


MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division + Tulsa, Oklahoma 
In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
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Tenney engineers bring the 


highest altitudes 
down to earth 


What happens to men or machines at 200,000 
feet...or 400,000 feet...or 600,000 feet...or ??? 


Tenney Engineering has pioneered in the develop- 
ment and manufacture of environmental cham- 


bers that simulate the extreme conditions en- 
countered at exceptionally high altitudes. No 


other engineering group has as much combined 
experience in this particular activity. 








If the rigors of high altitude must be met by your 
products, investigate the environmental cham- 
bers, standard or custom-designed, manufactured 


by Tenney, world leader in environmental equip- 
ment. Write for complete information. 


CMC | 


“SS. ENGINEERING, INC. 


1090 SPRINGFIELD ROAD, UNION, N. J. 


PLANTS: UNION, N. J. AND BALTIMORE, MD. 


OLDEST AND LARGEST MANUFACTURER OF ENVIRONMENTAL EQUIPMENT 
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Glass Temperature Controlled 
to 44°F 


PITTSBURGH, PA.—Four giant batteries of electronic 
temperature controllers help spin the glass fiber yarn pro- 
duced at the Shelby, N. C. plant of Pittsburgh Plate Glass 


by maintaining temperatures at the platinum bushings to 
within +14°F at 2200°F. The 240 CPM-1 controllers 
(three to a vertical bank) made by Hagan Chemicals 
& Controls, Inc., P. 0. Box 1346, Pittsburgh 30, Pa. are 
responsive to thermocouple fluctuations of one-millionth 
of a volt. 
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Gravimetric Feeder System 
Uses Precision Counters 
MILWAUKEE, WIS.—The flow of materials is auto- 


matically totalized and over- and underfeed is corrected 
in a Continuous Loss-in-Weight Gravimetric Feeder, man- 
ufactured by B-I-F Industries, Omega Division, Provi- 
dence, R. I. 

A non-reset counter (Model D-6) driven from a lead 
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screw which has a known weight per revolution, and by 
chain and sprocket of correct ratio to the lead screw is 
used in conjunction with the automatic flow control, to 
make a record of the number of turns the lead screw has 
made, so that the exact amount of material that has been 
fed can be accurately measured to correct any degree of 
over- or underfeed. The counter is made by Durant Mfg. 
Co., 1981 North Buffum St., Milwaukee 1, Wis. 
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Ferreting-out Air Leak 
into Gas Line 


PITTSBURGH, PA.—A roving detection system con- 
sisting of a small air compressor, mounted on the motor 
of a half-ton pickup truck and a portable oxygen indi- 
cator is being used to locate air leaks. The compressor 
which is driven by the engine pulls the sample of gas 
from the vacuum line and discharges it through the porta- 
ble oxygen analyzer which indicates the amount of oxygen 
in the sample. 


The Portable Oxygen Indicator, designed by Mine 
Safety Appliances Co., 201 N. Braddock Ave., Pittsburgh 
8, Pa., patrolling 250 miles of vacuum gas pipeline, has 
achieved a 50% savings in sampling time at the Salt 
Creek Gasoline Plant of Pan American Petroleum Corp., 
Midwest, Wyo. 
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EASTERN REGIONAL SIMULATION COUNCIL 
held its bi-monthly meeting December 14, 1959 at Leeds 
& Northrup’s new R&D Center. 95 members heard 6 
technical papers on the theme of “Automatic Control 
in the Process Industries,” and elected Sydney Korn of 
Sylvania Electronic Systems 1960 chairman. 


DIGITRONICS CORP. has installed a custom-designed 
bi-directional converter (Model D104) in the brokerage 
house of Bache & Co. It converts data from magnetic tape 
to teletype tape at a rate of 2400 words/min and vice 
versa 3000 words/min. 





WORKING 
PARTNERS 


RCA 501 — SOUNDCRAFT INSTRUMENTATION TAPES 


Big business depends more and 

more upon electronic data processing. For 

many corporations, the heart of their data reduction and stor- 
age operation will be the new RCA 501 Computer System. 
The crucial testing period of this new computer called for 
the most reliable of instrumentation tapes . . . Soundcraft. 
And, Soundcraft Tape proved to be the perfect working 
partner—not only in the testing, but afterward, in continu- 
ous working use. 

In short, experience has proven that Soundcraft works best 
on leading computer systems, like the RCA 501. Let preci- 
sion-made, trouble-free, error-free Soundcraft Instrumenta- 
tion Tapes go to work for you. Complete literature on request. 


reeves SOUNDGRAF T conn. cx: trevor ote 2 ms on 
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Counter Manufacturer Uses 


White Room 


HARTFORD, CONN.—Environmental control in the 
assembly room of small counters has enhanced consider- 
ably the quality of these devices which perform vital func- 
tions in missiles and in industry. 


In a glass-walled area in the main Veeder-Root plant 
there are streamlined benches of ‘molded plastic, and 
workers (wearing white nylon smocks to reduce the in- 
cidence of dust and lint in the air) handle stainless-steel 
or brightly chrome plated tools. An efficient air-condi- 
tioning system maintains a constant temperature of 72°F 
in the “white room,” at a relative humidity of 50%. 


When parts enter the “white room,” they are washed 
in an ultrasonic washing device, and then placed in cov- 
ered plastic trays from which the women, wor oe ee 
with tweezers and other small tools, lift the parts from the 
compartmented trays and assemble them in special jigs 
and holders. This special facility was designed and built 
by Veeder-Root Inc., Hartford, Conn. 
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TELEMETER MAGNETICS has received a contract 
from the University of Illinois to manufacture core 
planes for a magnetic-core memory unit to be included 
in a computer under development in the University’s 
Digital Computer Lab. The computer will use linear select 
techniques rather than the coincident current approach 
in general use today, with operating speeds approaching 
a rate of 500,000 operations per second. The project is 
being supported by the AEC and the Office of Naval 
Research. 


BELL AIRCRAFT is developing a plasma-jet genera- 
tor utilizing the extreme heat released by plasma, the 
fourth state of matter, to produce temperatures up to 
18,000°F. It separates the molecules in nitrogen or argon, 
then expels the charged particles through a small nozzle. 
The gas particles re-combine and this energy of re- 
association produces extremely high temperatures. 


CASE INSTITUTE is offering a summer study course 
in Process Control Theory under the direction of Dr. 
Donald P. Eckman. Tuition fee is $400; the dates are 
July 11 through 29. Requests for applications may be 
addressed to Dr. James Hooper, Jr., CIT, University Cir- 
cle, Cleveland 6, Ohio. 





THE BETA Il SYSTEM 


*BASIC ENGINEERING TRAINING AID 


The versatility, economy and speed 
of operation that has been winning 
widespread acceptance for Data 
Bloc® and Data-Pac® units as modu- 
lar components in digital activities is 
also particularly applicable for edu- 
cational training purposes. Labora- 
tory time is at a premium in today’s 
educational training programs where 
much energy is consumed by the 
breadboarding of basic circuits. Pin- 
jack front panel logic of Data Bloc® 
units permits the most efficient and 
reliable programming today. 

The use of highly reliable Data 
Bloc® circuitry minimizes the time 
required to derive a solution to any 
given problem and, therefore, per- 
mits accelerated logic development 
programs. 

Upon completion of one problem, 
front panel pin-jack logic allows 
rapid preparation for the following 
problem. 



































is ha ga DRIVE © EAST 


HARVEY-WELLS ELECTRONICS, INC. ssct*eeaice 
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ultrasonic equipment. No middleman’s 
tory — direct-to-you deal. 


ULTRASONIC CLEANER 





The lowest priced ultrasonic cleaner ever sold! Buy ONE or 100 and Save! 


The DiSONtegrator System Forty ULTRASONIC CLEANER is attractively 
Styled, ruggedly-built, and work-tested to give a lifetime of trouble-free 


The DiISONtegrator Features: 

Simplified one knob control for easy operation. High Frequency sound 
waves disintegrate harmful soils and contaminants in seconds. 

Saves time and labor, boosts production rate, improves product. You 
can replace hazardous chemicals with safe solvents and even water. 


The DISONtegrator works FAST 

in SECONDS you can disintegrate soils on: radioactive lab apparatus; 
glassware; medical instruments; test tubes, syringes, hypodermic 
needies; dental instruments, drills, burrs, false teeth, bridges; 
fossils and fossil foraminifera; electronic components, i 

Crystals, switches, precision potentiometers; optical parts, lenses, 
plastic contact lenses, eyeglasses; timing mechanisms; small gear trains; 
miniature printed circuit boards; and hundreds of other items. 


In seconds you can remove: 

rust, oxides, shop dirt, dust, lint, preservatives, finger prints, machining 
chips, extrusion Jubricants, paraffin, wax, paint, varnish, tacquer, plastic 
residue, resists , silicones, greases cooked food residue, blood, plaster 
of paris, lapping compounds, carbon, radioactive particles, polishing 
compounds, shale, diatomite, volcanic tuffs, clay and sand, graphite, 
Starches, cutting oils, heat treat scale, color stains, foundry sand, 
abrasives, quenching oil, salts, pitch, asphalt, tar, inks, adhesives, 
jewelers rouge, tripoli, resin flux, acid flux, many others. 


The DiSONtegrator is VERSATILE 

{n addition to super speed, surgical precision cleaning it can be used to: 
brighten, quench, degrease, impregnate, decontaminate, pickle, etch, 
dip coat, emulsify, degas liquids, anodize, dye, mix, accelerate reactions. 


Ultrasonic cleaners are widely used 
in production lines, maintenance departments and laboratories. You 
should. have at least one DiSONtegrator if your field is Electronic, 
Optical, Glass, Clinical, Biological, Textile, Oil, Food, Paper, Dental, 
Plastic, Drug, Rubber, Wood, Chemical, Isotope, Geological, Agronomi- 
cal, Metallurgical, Anthropological, Paleontological, Petrochemical, 
Ceramics, Dairy, Brewery, Beverage, Confectionery, Laboratories, Photo- 
graphic, Paint, Bottling, Cosmetic, Pharmaceutical, Metal Working, Metal 
inishing, Die-Casting, Foundry, Plating, Metal Treating, Automotive, Air- 
craft, Horological, Jewelry, ical, Marine, Mining, Utilities, Power 
Plants, Instrumentation. 


ultrasonic 


AIRER 
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INTRODUCTORY OFFER 
Money Refunded (less shipping charges) if not completely satisfied, 


S-DAY TRIAL 
We will pay all shipping charges 





to any point within the con- 
tinental limits of the United 
3 States (not including Alaska and 
3 Hawaii), if you enclose check 
3 with order. 





Forty is available from stock for im 


The DiSONtegrater — System 
mediate delivery in unlimited quantities. 





SPECIFICATIONS 


GENERATOR INPUT: 117 V, 60 cycle— GENERATOR OUTPUT: 40 W, 90 KC 
DIMENSIONS: GENERATOR: 10” L x 7” Wx 5%” H 


Tank (overail): 6" Lx7" Wx 6A" H 
Tank (inside): 544" x SH" x4" D 
Tank 05 gal. 


ca ): 
FOR THE FIRST TIME — you have a choice of 6 beautiful decorator 














colors to harmonize with your office or laboratory decor: Ivory, 
Wheat yellow, Turquoise, Pale n and Soft 
leon toc cae cy : oF 















TO: Ultrasonic industries, Inc., Dept. 13-16$-3 
D141 Avertson Avenue, Albertson, L. 1, WY. I 
a pin ship _______ DiSONtegrator® System Forty I 
99.95 ea: 0 | O Wheat yellow 0 Ti 
Bie Oe oC at and O Peep Cette 
i. ' 
| i 
E i 
1 understand that ill be refu 
Sata Sa con em een nnn e 
Sul me (rated fhe oaby Ch Pieces pot ws on your madiing tet i 
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Molecular Electronics 
PITTSBURGH, PA.—Using solid-state phenomena, it 


is possible now to create materials having excessive posi- 
tive or negative electrical charges and, by placing these 
materials in physical contact with related materials, to 
bring about such phenomena as rectification or amplifica- 
tion, as in diodes and transistors. Effects of this general 
type are used in molecular electronic ( Moleculonic) 
blocks by creating (usually in single crystals) a number 


ay 


of distinct operative domains, which can be regarded as 
molecular “communities” have a common civic purpose, 
in that each domain will sustain a desired electronic oc- 
currence. The domains border one another at boundaries 
called interfaces, which can initiate phenomena different 


from those occurring inside the molecular domains. For 
example, a domain might be a resistor, the interface a 
capacitor, etc. 

The necessary domains and interfaces are produced by 
techniques used in the production of conventional semi- 
conductor devices—diffusion, plating, electron beam ma- 
chining, etching, cutting, radiation, alloying, and photo- 
graphic processes. The dominant, the essential philosophy 
of molecular electronics is that we can now create, modify 
and process materials to endow them with the ability to 
accomplish electronic tasks through solid-state phe- 
nomena. 

Illustration shows three of eight available function- 
block subsystems. At left is an audio amplifier; center 
is a multivibrator; right is a 2-stage video amplifier. 
(Courtesy Westinghouse Electric Corp.) 
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Split-Second Spectrometer 
Used Overseas 


CINCINNATI, OHIO.—Chemical reactions that occur 
in 1/10,000th second are being analyzed by scientists 
with the aid of a Time-of-Flight Mass Spectrometer at 
Sweden’s famous University of Upsala in a research 
program on tobacco smoke. The instrument derives its 
speed from its ability to instantly identify vaporized 
gases, liquids and solids by revealing their respective 
molecular masses. Heart of the instrument is an “ion 
gun,” a four-foot metal vacuum tube which pulses ion- 
ized (electrically charged) molecules of the elements 
being analyzed like radar signals from one end of the 
tube to the other and measures their speed, or “time 

Continued on page 320 





The Type 

PSC-2 Pres- 

sure Controller 

is an integrated 

system which com- 

bines an adjustable, 

highly sensitive me- 

chanical pressure regu- 

lator, a- micro adjust- 

ment, and a servo system. 

The servo motor precisely 
adjusts the regulator to 
desired pressure and com- 
pensates for any subsequent 
drift. A continuous independ- 
ent indication of the pressure 
maintained is provided by the 


PRESSURE 
e CONTROLLER 


TYPE PSC-2 


Other 

products of 

The Hass In- 

strument Corp. 

include the fol- 

lowing: @ Type 

A-1 Barometers & 
Manometers, preci- 

sion mercurial, with 
Temperature Correction 

& Gravity Compensa- 

tion, in 3 Ranges (31"', 
62", & 105° Hg.) @ Photo 
Electric Scanner, PSR-1 (for 
use with A-1 Barometers & 
Manometers @ Micrometer 
Standard Barometer, Type MS-2 





Photo Scanner Null Indicator, Rapid 
traversing between control points is 

made possible by a unique 3-speed 
manual control. For servo operation the 
Controller is used in conjunction with a 
Hass Photo Electric Barometer. However, 
the manual control allows its use with a 
visual sighting barometer or other pressure 
indicator. 





Vv Will establish & maintain a desired 
pressure within .0005"' Hg. or less! 


V Can be manually or servo 
operated, or both 
simultaneously! 


Instrument Engineering and Production e Precision Pressure Standards and Controls 


(a unique, modified U-Tube Pri- 

mary Pressure Standard available 

in 2 Ranges: 31° or 62°° Hg.) 

e@ Automatic & Remote Indicating 

Barometers @ Related accessory equip- 

ment for the above instruments [i.e.: 

Temperature Controlled Cases, Cable 

Drive & Stop Bar Attachment, etc.) @ For 

more information or special problem appli- 
cation call or write to: 


6173 Branch Avenue 
Washington 23, D. C. 
Hickory 9-5454 
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How RECOMP handles numbers that 
could circle the world 212 times 


Recomp can handle a floating point number greater 
than four billion factorial ... or larger than the figure 1 
followed by 41 billion zeros. Typewritten, the number 
would stretch around the world two-and-one-half times. 

Recomp is a low-cost, general purpose, digital com- 
puter—the original solid state computer with proven 
reliability. Its built-in floating point arithmetic and 
square root instructions come as a standard feature 
among RECOMP’s 49 commands... at no extra cost. 


Easy to operate, easy to program...RECOMP has a 
storage capacity of over 8000 instructions, simplified 
coding, fingertip control console with digital readout 
panel, and a high-speed photoelectric tape reader. 

High-powered RECOMP is designed to solve problems 
of engineering, science, and industry. For information 
on how RECOMP can solve your special problems, write 
Autonetics Industrial Products Division, Dept. 603, 
3584 Wilshire Boulevard, Los Angeles 5, California. 


Digital computers by Autonetics @ 


INDUSTRIAL PRODUCTS 


A DIVISION @F NORTH AMERICAN AVIATION, INC. Other offices: Chicago, New York, Washington, D.C. 
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AUTOMATIC PRESSURE 
VACUUM CONTROL 


of flight” electronically. A spectrum then appears on 








UE TYPE J6 
PRESSURE 
& VACUUM 
CONTROL 


UNITED ELECTRIC TYPE J6 unit is designed to auto- 
matically control either pressure or vacuum... 
has a fixed, uniform on-ofi differential as specified 
between limits of 3” WC to 2 PSI... anda 
maximum controlling pressure of 180 PSI. It is 
a sensitive, weatherproof, precision built control 
with good repeatability. Recommended for all 
pressure or vacuum applications which require 
close on-off differential control. 





Fixed as specified between limits 
of 3” WC to 2 PSI. 


15 or 20 amps at 115 or 230 volts 
AC, also DC switches upon speci- 
fication. 


N.O., N.C., or Double Throw, no 
neutral position. 


43/4,” x 427” x 2549”. 














Approx. 1 Ib. 8 oz. 





Y,” NPT conduit opening in en- 
closure, screw type terminals on 
switch is standard. 


Die-cast aluminum case, black 
wrinkle finish standard. 








Surface mounted —by 2 mounting 
ears. 





Bellows Seamless brass—spring loaded. 
Pressure Connection. |1/4,” NPT female connection. 











UNITED ELECTRIC manufactures a complete line of 
temperature, pressure and vacuum controls. UE 
will gladly modify or custom-build a unit to your 
specifications. Consult a UE application engineer 
today. 

Write for Bu:etin No. 5-3 for complete J6é data, 


Unteaclecine Lontrors 
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an oscilloscope. Spectrometers of this kind are also being 

installed at the University of Goettingen in West Ger- 

many and at England’s University of Birmingham. The 

spectrometers are made by Bendix Aviation Corp., Cin- 

cinnati Div., 3130 Wasson Rd., Cincinnati 8, Ohio. 
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Radar Display Computer % 


NEW YORK, N. Y.—An advanced radar tracking dis- 
play computer the MC-555-A, which operates with all 
operational radars has recently completed its first 1000 
hours of operation at the Wallops Island range of NASA. 
The system is designed to provide data in Cartesian co- 
ordinate form to permit display of the path of a radar 
tracked object on an X-Y plotting board. 





Heart of the computer are the operational amplifiers 
with a gain of 100 x 10°, output of +100v, phase shift 
of less than 0.2 degrees, operating noise level less than 
1 mv rms, and recovery from overload of less than 1.0 
seconds. All operational amplifiers are dual-channel, plug- 
in units. A completely automatic test circuit incorporated 
in the design assures trouble free operation. Computer 
Systems, Inc., (formerly, Mid-Century Instrumatic Corp.) 
611 Broadway, New York 12, N. Y. built the system. 
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A new electronic supervisory control system, designed 
and built by Southwestern Industrial Electronics 
Co., a division of Dresser Industries, Inc., 10201 West- 
heimer, Houston, Texas, is being installed for the Phillips 
Petroleum Co. on a 20-well lease in one of its Lake 
Maracaibo, Venezuela operations. It provides control 
for remote and local well testing and production. 
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JONES & LAUGHLIN STEEL CORP. in the near fu- 
ture will install a special-purpose electronic computer in 
its Aliquippa, Pa. works to speed calculations in basic 
oxygen steelmaking. It will furnish the operator with the 
proper portions of scrap, fluxing materials, and hot metal 
to be charged into the furnace for temperature control 


purposes, 





SPECIFY BARTON 


For field proven quality 


in the 
measurement 


of 





FLOW 
LIQUID LEVEL 
DIFFERENTIAL PRESSURE 


INSTRUMENTS 





MODEL 199 
Differential Pressure Unit 
BULLETIN 199-1 


MODEL 200 
Differential Pressure Indicator 
BULLETIN 200-1 


MODEL 202 
Differential Flow Recorder 
BULLETIN 202-1 


MODEL 208 
Dual Flow Recorder 
BULLETIN 208-1 


MODEL 211 





MODEL 214 
Indicating Pneumatic Transmitter 
BULLETIN 214-3 


MODEL 233 
Indicating Diff. Press. Switch — 
Explosion Proof 


BULLETIN 233-1 


MODEL 234 
Indicating Diff. Press. Switch 
BULLETIN 234.2 


MODEL 237 
Diff. Press. Pneumatic Controller 
BULLETIN 237-2 


BULLETIN 211-2 


MODEL "243 


Pressure 





MODEL 252 
Integrating Flow Recorder 
BULLETIN 252-1 


MODEL 224 
Differential Pressure Unit 
BULLETIN 224-2 


MODEL 225 
Indicating Pneumatic Transmitter 
BULLETIN 225-1 


MODEL 226 
Differential Pressure Indicator 
BULLETIN 226-2 


MODEL 227 
Differential Pressure Indicator 
BULLETIN 227-1 





MODEL 231 
Differential Pressure Recorder 
BULLETIN 231-1 


MODEL 232 
Indicating Diff. Press. Switch 





MODEL 240 
Diff. Press. Pneumatic Controller 





BULLETIN 232-1 


MODELS 246 & 247 





BULLETIN 240-1 


Portable Flow indicators 


MODEL 248 
Indicating Diff. Press. Switch 








FOR NEW CATALOG OR 
PRODUCT BULLETINS, 
PLEASE WRITE, DEPT. M. 
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BULLETIN 246-1 


BULLETIN 248) woe 


Representation in Principal Cities Throughout the Free World 


ES ARTON. msteument corporation 


580 MONTEREY PASS ROAD © MONTEREY PARK, CALIFORNIA 
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N EW PRESSURE SWITCH 
FOR THE @. E. Mi 

@ ® 

This stripped switch is designed specifically for the Original 

Equipment Manufacturers who enclose the various controls 

in a common cabinet. This new pressure and vacuum switch 


model 402, incorporates the same dependable accuracy and 


other operating features of the proven housed model 420. 


Cost and price have been cut by eliminating the housing. 
INSTRUMENT QUALITY SNAP ACTION 1/ 


ADJUSTMENT 


HERE’S THE SIMPLEST DIAPHRAGM PRESSURE SWITCH 


WE BUILD IN WE DON’T USE 
EXTREME ACCURACY 
and DEPENDABILITY 
maintained during 


operating life due to 
direct acting design 


; which, as they wear, 
“tThake the setting of the 
“Pressure switch drift. 


EFFICIENT OPERATION 
IN ANY POSITION 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
switching elements 


which make the switch 
difficult to mount and 
very critical to vibration. 





IMMUNITY 
TO VIBRATION 
you can mount the switch 


directly on your vibrating 
or moving equipment. 


5’ BELLOWS 


“which make the 
pressure switch 
sensitive to vibration. 





Ask for new catalog '59-'60 sm. 


a A A 
arksdale valves 


$125 ALCOA AVENUE © LOS ANGELES 58 © 
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Linear Programmed 
Chromatograph 


The F&M Chromatograph, by linearly increasing 
the column temperature during a run, separates com- 
ponents with boiling points ranging up to 450°C 
and records them as well-defined sharp peaks of 
nearly the same shape. Time of analysis and degree 
of separation can be adjusted by selecting any com- 
bination of nine available linear heating rates . . . The 
major advantage of the linear programmed tempera- 
ture technique over that of constant temperature op- 
eration is . . . that all the peaks were well resolved 
and easy to measure, and that the reproducibility 
of peak height, peak area, and retention time in the 
duplicate run was excellent . . . (From new 4-page 
M-H Instrumentation data sheet 10.15-20, F & M 
Scientific Corp., 1202 Arnold Ave., New Castle 
County Airport, New Castle, Del.) 
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Television Generators 


The Model 656XC provides signal for complete 
color alignment. Produces color bars on TV screen in 
the following order from ieft to right: green, yellow, 
red, magenta, white, cyan, blue and black. Phase of 
color produced is accurately set with precision delay 
lines. The amplitude of sub-carrier and the amplitude 
of the brightness component are accurately set with 





precision resistive Networks. This results in the high 
stability required for proper alignment. Proper colors 
are generated within 30 seconds after warmup. In 
addition to color bar patterns, the 656XC produces: 
White Dot crosshatch (20 vertical and 15 horizontal, 
less those in blanking); Vertical Lines only; Hori- 
zontal Lines only; and small size WHITE DOTS are 
“locked” to assure stability. This “locking” is achieved 
through the self generated 60 cycle and 15,750 cycle 
sync pulses. The white dots are of perfect size (approx. 
2 lines thick) to permit accurate convergence adjust- 
ments. 300 dots are present in each raster, less those 
in the blanking region ... (From new 16-page Catalog 
38 “Electrical Electronic Testing Equipment,” Hickok 
Electrical Instrument Co., 10514 Dupont Ave., Cleve- 
land 8, Ohio.) 
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Each of these advanced instruments is available with all 
varieties of pneumatic control: 


1. Universal: 2-50% proportional band; on-off ; 
and 2-100% differerential gap, manual reset 


2. Proportional (2-300%) with automatic reset 


3. Proportional (2-300%) with automatic reset 
plus derivative. 


The mechanical instruments cover the complete range of 
filled thermal systems, pressure spirals and bellows, includ- 
ing pneumatic receivers, interchangeably. Ranges are avail- 
able as low as —100F. and as high as 1000F. for temperature, 
and 30” vacuum to 10,000 psi for pressure. 

The unitized potentiometer instruments feature plug-in 
amplifiers, easily interchangeable range standards and slide 
wires. Constant current is supplied by the D-PAK (T.M.)— 
Daystrom-Weston’s revolutionary solid-state unit which 
eliminates battery, standard cell, and other standardizing 
mechanisms. 

All models come in dust and moisture-resistant cases and 
are for universal mounting. They are ruggedly constructed 
for long life and trouble-free service—and for resistance to 
vibration and shock. Internal construction is unusually clean 
in design, and provides easy accessibility to all parts. 

For full information, contact your local Weston representa- 
tive, or write to Daystrom-Weston Sales Division, Newark 
12, N.J. In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 19, Ont. Export: Daystrom Int’l., 100 Empire St., 
Newark 12, N. J. 


UT ee ee? 


DAYSTROM 


Wedd Lador iw 
-ucasuremoinh oud contiob, 


DAYSTROM-WESTON INDUSTRIAL INSTRUMENTS include a full line of recording and controlling potentiometers with strip and circular charts: 
mechanical recorders and indicators for pressure, temperature and flow; and non-indicating controllers, both electric and pneumatic. 
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No oil filters. 

No dust filters. 

No internal lubrication to 
contaminate air handled. 
No internal wearing parts. 


No valves, pistons, or vanes. 


Non-pulsating pressure. 
Original performance constant 
over a Jong pump life. 


Low maintenance cost. 


You can dispense with oil filters and dust filters when 
you install °Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding 
vanes, or other enemies of long life and constant perform- 
ance complicate a Nash. No aftercoolers are needed. You 
will find it profitable to investigate these pumps, now. 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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TEMPERATURE, °F —> 


Measure temperatures 


up to 4000°F 
with 


Honeywell Thermocouples 


Honeywell’s research at the Hopkins Research Center 
is aimed at discovering more and more practical informa- 
tion on high-temperature thermocouples and passing the 
results on to you. 


For more information, call your Honeywell Field Engi- 
neer . . . he’s as near as your phone. 


Precise measurement of high temperatures is almost an 
art. Working effectively with temperatures over 2800°F 
calls for an intimate knowledge of both materials and 
methods. Honeywell’s long experience, combined with 
an intensive basic research program, have produced 
special techniques and equipment for precise measure- 
ment of high temperatures. 


The thermocouples listed below—tungsten-rhenium, 
molybdenum-rhenium, and 60% iridium + 40% rhodium- 
iridium —are the best available combination of cali- 
bration stability, reproducibility and physical strength. 
Although the temperature-emf curves shown above are 
still tentative, they are based on substantial scientific 
studies conducted independently in several different 
laboratories. 


HIGH TEMPERATURE ASSEMBLIES WITH PROTECTING TUBE* 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 


HIGH TEMPERATURE ASSEMBLIES WITHOUT PROTECTING TUBE* 





Maximum 
Tube & Insulator 


Calibration Temperature Material 


Maximem 
Recommended 
Temperature 


Calibration Material 





3200°F ALUMINUM OXIDE 3/16 5/16 
4000°F BERYLLIUM OXIDE 1/4 3/8 


TUNGSTEN- 
RHENIUM 


ALUMINUM OXIDE 0.028 
BERYLLIUM OXIDE 0.028 


TUNGSTEN- 
RHENIUM 


3200°F 
4000°F 





MOLYBDENUM- 


RHENIUM ALUMINUM OXIDE 3/16 5/16 


3000°F 


MOLYBDENUM- 


RHENIUM ALUMINUM OXIDE 0.028 


3000°F 





60% IRIDIUM+ 
40% RHODIUM- 
IRIDIUM 


3200°F 
3600°F 


ALUMINUM OXIDE 3/16 5/16 
BERYLLIUM OXIDE 1/4 3/8 


60% IRIDIUM+ 
40% RHODIUM- 
IRIDIUM 


3200°F 
3600°F 


ALUMINUM OXIDE 0.028 
BERYLLIUM OXIDE 0.028 





*Most assemblies available in 5”, 11”, 17”, 20”, 23” and 29” immersion lengths. 
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BRIEFS—continuep 
Variable Transformers 


Ohmite “yv.t.” transformers are unique as a result 
of the design innovations they incorporate. These in- 
clude exclusive field-proven features (such as) positive 
current transfer achieved . . . by means of a pigtail 

MID-WEST directly connecting the brush to the large slip-ring 
DIFFERENTIAL which contacts a wide area of the collector ring. 


GAUGES a \\ 06" 





New—EASY PANEL MOUNTING 





Offer These antes manned 
Plus Features 


e@ 4,000 psi Working Pressure On all units with overvoltage feature either over- 

° assy vir — Tube Element voltage or no-overvoltage output can be arranged on 

2 Light Weight Aluminum iii the terminal panel. On VT4 and VTS transformers 

@ Standard and Precision Types connected for over-voltage, either we or eee 
clockwise increase of voltage can be arranged quickly 
Mid-West's Encapsuled Bourdon Tube Element introduces a by the user. Increasing voltage in cither dhemtton con 


new concept in differential pressure gauges. New jewelled > 
bearing movement assures magnetic transmission of Bourdon be arranged on all units connected for no-overvoltage 
Tube motion—with extremely low hysteresis and tracking output. Two-in-tandem assemblies may be wired for 


. Dial from 100 in. HsO to 400 PSI differential. ha 
qseess lal: sunges trem 00 SPOR See pe ee individual unit operation or as follows: (1) series 
connection for l1-phase input at a line voltage double 
MID-WEST INSTRUMENT DIV., that of the individual transformer’s input rating— 
ASTRA ASSOCIATES, INC. with or without overvoltage output or open delta con- 
1021 E. State Fair, Detroit 3, Michigan nection .. . (From new 8-page Bulletin 151D, Ohmite 
Manufacturing Co. 3601 Howard St., Skokie, Ill.) 
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ARE YOU PROPERLY GEARED FOR 


MINIATURIZATION? 
TE'VIN | INSTRUMENT LATHES 


PRODUCE SMALL INSTRUMENT PARTS BETTER 


Twenty-seven models of 
instrument lathes for all types 
of small work. Collet capacity 
5/16” or 3/16”. Levin Instrument 
Lathes are used wherever fine work is being 
done. Over 11,000 lathes in use. 








For complete details of Levin Instrument Lathes and 
accessories send for catalog T. 


Louis Levin & Son, Inc., 3610 So. Broadway, Los Angeles 7, Calif. 
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this |s 
the Brush 
Mark Il... 
anyone 
can 


plug e 
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put It 
in writing 
anywhere 


There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone... in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is “built-in”. The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Immediate shipment from stock. Call, write or wire for complete details. 
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— Brush INSTRUMENTS 


DIVISION OF 


37TH ANDO PERKINS | CLEVITE | CLEVELAND 14, OHIO 
CORPORATION 





for direct writing: 
recording ‘if 
Systems 

no one Is 


os aa 








Chart paper loads from top 

















as qualified 
as Brush 


Trace contrast control 





Simple pushbutton speed selection 











Why? Simply because Brush recording systems such as this 6-8 

channel unit incorporate all of the known refinements in the 

iP ol® oF t of recording by di iting. N in ex- 

o° °@ 0 @ @ art of recording by direct writing. No comparable system in ex 

Ate 5 Oy or ae ee istence today is as compact . . . as simplified . . . as reliable . . . as 

versatile. Note slide-mounted oscillograph and interchangeable 

““plug-in”’ signal conditioners that provide four vital functions 

in addition to amplification: high input impedance, zero sup- 
pression, attenuation and calibration. 








Instantaneous rectilinear presentation gives clear, uniform and 
reproducible traces for precise readout of telemetry, computer, 
ground control and other data gathering operations. Further, 
this functionally designed system has a “‘pull-out’’ horizontal 
writing table for convenient annotation and reading... 
without turning off the recorder! Check these and many other 
advanced features for yourself and you’ll see why no one is as 
qualified as Brush. Call, write or wire for complete details. 


— brush INSTRUMENTS 


DIVISION OF 


37T4 AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
CORPORATION 











Digital Readout Oscilloscope 


The Type 425 is fundamentally a 35 megacycle, 
modularized, versatile, general-purpose high-frequen- 
cy oscilloscope. The instrument includes a new Read- 
out system which may be used as an analog to 
digital converter. The versatility of the oscilloscope 
is established through the use of three basic types 
of plug-ins which supply circuitry for delaying sweep, 
dual-trace investigations and X-amplification. Num- 
erous other plug-ins, as they continually become 
available, will extend the frequency range and ver- 
satility even further without obsoleting any portion 
of the equipment. 





Joy-stick controls manipulate on-screen waveforms, 
and a unique “two dot” method of waveform mea- 
surement simplifies operation of this multiple-use 
instrument. Visual readout of such measurements, 
eliminating guesswork, is made from a front panel 
readout device or from external readout devices .. . 
(From new 6-page bulletin, Allen B. Du Mont Labs., 
Inc., Instrument Div., 750 Bloomfield Ave., Clifton, 
N. J.) 
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Transistorized and Magnetic 
Modules 


The logical structure of the Medium Speed series is 
based on flip-flop storage and diode gating. Clocked 
diode AND gates (DG3, DG4) are capacitively cou- 
pled into the trigger inputs of a flip-flop. OR gating 
may be accomplished by buffering together a number 
of these coupling circuits (1C4) into a single flip-flop 
input. This arrangement yields an a.c. AND-OR gate. 


_—, 


f T T 


— + - 
poe ae Ts 
s “ | Bo 


“=v OUT OUT OUT OUT 





The diode gate modules may be combined directly to 
form d.c. AND-OR gates. Emitter Followers (EF1) are 
provided to operate from the high output impedance 
of the cascaded d.c. gates. For complex logical func- 
tions, the d.c. and a.c. gates may be cascaded to form 
an AND-OR-AND-OR network .. . (From new folder 
containing 10 sheets describing and specifying 20 mod- 
ules, Packard Bell Computer Corp., 1905 Armacost 
Ave., Los Angeles 25, Calif.) 
FOR THIS LITERATURE CIRCLE 174 ON READER-SERVICE CARD 


Servomanomefters 


““Exactel Servomanometers prove useful in the phy- 
sical measurements field by combining the precision 
of the manometer with modern servo-following tech- 
niques. The Exactel instrument has introduced Analog 
Temperature Compensation, and has the ability to 
use any liquid, optional use of stainless-steel manom- 
eter tubes, and other unique capabilities which have 
greatly increased the precision and broadened the 
application of the manometer principle . . . 
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Servoaomplifier 


7 Thermometer, D.T 
and Float 


Micrometer 


The new, economic industrial instrument series is 
designed for general application in the power gener- 
ating and other industrial fields for applications that 
do not require the maximized accuracy of the preci- 
sion series... 

The float opérates within the AC field of the 
differential transformer which induces a vibration of 
a few micro-inches amplitude. The vibration elimin- 
ates hysteresis and there is considerable evidence 
that there is improvement of the meniscus form it- 
self. Also, the float responds to the center of the 
meniscus ... (From new 16-page Bulletin 500 —1959 
Edition and General Price List, Exactel Instrument 
Co., 5545 Eva Ave., Los Angeles, Calif.) 
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a NO Jt from CLR Clare & Co.... 





ACTUAL 


SIZE 





Switch capsule of the new Clareed Sealed Contac 





wi: 
- u j as ja = 4 | 
Reed Relay consists of a pair of magnetica 
operated contacts, hermetically sealed ina 
glass capsule, in an atmosphere of inert 


Milliseconds (including bounce) 
SPECIFICATIONS Watts to Just Operate 


Contact Arrangement: Normally form A, form B, in combina- Switches Operate Excess NI over P.U, 
tion form C per Coil Typical Coils 100 Release 


Overall length: 3-1/ in. max. 1 0.25 : 0.25 
Outside diameter: 0.215 in. max. 
Contact material: Gold 
Contact rating: 15 volt-amperes max., non-inductive: 1 amp. 
max.; 250 volts max. 

Contact resistance: 25-40 milliohms. 
Life expectancy: At 14 volt-amperes (1% ampere, 28 volts dc), 

20,000,000 operations. 

At 7 volt-amperes (%{ ampere, 28 volts dc), 

100,000,000 operations. 


Minimum breakdown voltage: (60 cps) 500 volts rms. At “inet opernte” 0.3. ms max 
Insulation resistance: 500 k megohms min. At tn ae NI 05 ails eh 
Low level load test: 8 microamps, 800 ohms, 250 millivolts, Seer See : : 

At 400 excess NI 0.8 ms max. 


open circuit operated at 3 ips, 100 million 


operations with no failures. No bounce on release. 





The new CLAREED Sealed Contact 
Reed Relay effectively eliminates 
contact contamination. With its 
contacts hermetically sealed in con- 
taminant-free inert gas, this new 
design assures millions of perfect 
operations. Hundreds of millions 
are possible when operated at up to 
¥% rated contact load. 


-CLAREED 


a New Concept in Relay Design 


CLAREED relays are ideal compo- 
nents for transistor drive applica- 
tions and for use in computers and 
data processing equipment. Their 
low inductance and the low induct- 
ance change in the operating coil at 
each operation limits the transients 
produced. Submit your packaging 
problem for recommendations. 


e PACKAGED TO MEET YOUr REQUIREMENTS 


Ten CLAREED switches, 

mounted in lineona 

printed circuit board with 

five magnetic coils. This Six CLAREED 
assembly can then be en- switches clus- 
closed in the flat, rec- tered for 
tangular container or it mounting in a 
may be coated with single tube 
“Skin-Pack,"’ a tough container. 
vinyl plastic, and 

mounted directly into 

your equipment. 


Important features of CLAREED relays are their simplicity 

and flexibility. They may be mounted to meet the require- 

ments of almost any application and environmental con- 

dition, even on your own printed circuit board—to comply 
AT THE with your mechanical design configurations. 


: information may be obtained from C. P. Clare & Co., 3101 Pratt 
New York Coliseum Blvd., Chicago 45, Illinois. In Canada: C. P. Clare Canada Limited, 
March 21-24 Box 134, Downsview, Ontario. Cable Address: CLARELAY. Send for 


Bulletin CPC 5. 
BOOTH NOS. 
2218 & FIRST 
2220 in the industrial field 
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CLAREED relays are as flexible as your application requires. Consul- 
tation with your nearby CLARE sales engineer is invited. Additional 





SEE and HEAR... 


THE DIGITAL SYSTEMS THAT SPEAK FOR THEMSELVES! 


At New York IRE: In practical application for industrial process control. 


From the field, from a proved capability, Cubic’s fine precision 
laboratory instrumentation is applied to the automation of industrial 
processes and given hitherto unknown dimensions with a “readout” 


you can hear. 


In the field and at IRE, 
Cubic Digital Systems speak for themselves . . . 


DC VOLTMETER: Proved stability of .003% and noise rejection as 
high as 200% 

AC CONVERTER: Proved operation to 90 kc, with accuracy exceed- 
ing specifications 

OHMMETER: Proved shock-safe with controlled open-circuit test 
voltage 

RATIOMETER: Proved .003% attenuator accuracy for wide-range 
precision 

SCANNING SYSTEMS: Proved reliability over weeks of automated 
transistor sampling 

PRINTER CONTROL: Proved performance in data recording with 
every quality printer on the market. 


. And the human-engineered Talking Meter, 
for a vocal readout in any parameter. 


When you're at New York IRE, stop by Cubic’s booth and see 
the unique Weather Board monitored by a Cubic Digital System 
to give you the weather story across the nation .. . in digital and 


vocal report. 


BOOTH 3235 


Years-ahead engineering, factory produc- 

tion techniques inspired by pride in the 

end result, careful quality control and re- 

UB I c- INDUSTRIAL DIVISION rit uaper Z all these factors make 
ubics the truly fine instrumentation . . . 

CORPORATION Digital Systems that speak for themselves. 


Wa Kearny Villa Road, San Diego 11, California 
Electronic aupceien” Ks a Dimension for the Future 
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Pulse Magnetic Recording 


In order to record information on a magnetic medi- 
um, an H field must be produced which will cause a 
portion of that medium to become magnetized . . . 

In order to record narrow pulses, four conditions 
are required: (1) A gap that is much narrower than 
the smallest wave length to be recorded . .. (2) A 
space that is about the same or smaller than the gap 
. . . (3) Coatings that are thin compared to the gap 
length . . . and (4) Coating material with essentially 
a square hysteresis loop . . . 


RETURN TO BIAS 


INFORMA T Orv ' ; ojo j 


meu = 

# SFL 
CURRENT - 4 tg aan SEE ee | 
. f | 





Binary representation of alpha-numeric information 
(numbers and letters) is the most commonly used 
scheme in computer work . . . Three common record- 
ing schemes are: Return-to-bias (RB) method; Non- 
return-to-zero (NRZ) method: Phase Modulation 
(PM) system... (From new 12-page Bulletin CPD 
130-SA, Bryant Computer Products Div., Box 620, 
Springfield, Vt.) 
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Slide Plate Readout 


The Slide Plate accepts Binary Coded Decimal 
(BCD) input and displays alpha-numeric characters. 
This means that the unit does its own translating 
and does not need auxiliary translators, relays, or 
diodes. It will accept any BCD or teletype code up 
to 6 bits, do its own translating. and display the 


proper character . . . 


The Slide Plate stores and displays the last signal 
entered into it until commanded to accept and dis- 
play a new signal input . . . In other works, the Slide 
Plate contains its own memory storage . . . (From 
new 8-page Editorial Release, Industrial Electronic 
Engineers Inc., 5528 Vineland Ave., North Hollywood, 
Calif.) 
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The Cambridge Record- 
ing Gas Analyzer continuously 
analyzes and records as many as six 
constituents of a gas. Eliminates inter- 
mittent, slow and expensive manual 
gas analysis. Accurate . . . Sensitive 
. . . Simple. No moving parts; utilizes 
thermal conductivity principle. 
Makes possible substantial savings in 
the operation of kilns, production of 
inert gases, and in metallurgical, petro- 
leum, and other chemical processes. 
Single- and Multi-point instruments 
are available for a wide variety of ap- 
plications. 


Send for literature mentioning application 


CAMBRIDGE 


INSTRUMENT COMPANY, INC. 
3554 Grand Central Terminal, New York 17 


Pioneer Manufacturers of 


PRECISION INSTRUMENTS 
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NO TEMPERATURE OVERSHOOT 





\ 


WHEN SIMPLYTROL MINDS THE PO 
time-proportioning controller has unique anticipating action 


Low-cost Simplytrol gives you high-accuracy temper- 
ature control . . . effectively maintains temperature to 
within + 1°F. of set point on most applications. An 
ingenious anticipating circuit eliminates overshoot dif- 
ficulties by shutting off heat input at a time-proportioned 
interval before the set-point temperature level is attained. 

Built around the well-proven A.P.I. meter-relay design, 
Simplytrol uses no amplifying circuits or vacuum tubes; 
it is exceptionally stable and re- 
liable. The unit is available in 
thirty ranges from —400°F. to 
+3000°F., is packaged in a 
newly re-styled table-mounting 
case that converts in minutes 
to panel mounting. 


SEND FOR DATA SHEET 9-B 





ap) ASSEMBLY PRODUCTS, INC. 
Chesterland 10, Ohio CAs ieee 
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NO CONTAMINATION | 
OF PRESSURE INSTRUMENTS 
WATER 
OPERATED 


TYPE WG 

DEAD WEIGHT 
PRESSURE GAGE 
RANGES 10 
13,000 PSI 


Please request 
data sheet 593 


MANSFIELD & GREEN INC. 


1051 POWER AVE. + CLEVELAND 14, OHIO 
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Fast Response 


conax 


BARE WIRE THERMOCOUPLE GLANDS 


provide the only 
simple positive 
method for sealing 
two or more bare 
wires at pressures 
“GLAND FOLOWER from full vacuum to 
_ 20,000 psi. 


—INSULATOR No. 3 


— CAP 


Low mass, unshielded, bare 
wire thermocouples give al- 
most instantaneous response 
— BODY to temperature changes as- 
suring greater accuracy of 
measurement and control. 


* Orr to 11850°F 
————— INSULATOR No. ? ° phe ae steel 
Complete range of sizes 
ar ~*~ tan ¢ Available from stock 

WRITE FOR CONAX DATA 
BOOK SHOWING COM- 
PLETE LINE OF THERMO- 
COUPLE ASSEMBLIES AND 
PRESSURE SEALING 
GLANDS. 


cond 7 poration | 21, N. Y. 


—— SEALANT SPACE 


——\NSULATOR No. 2 
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BRIEFS 





NMR Precision Gaussmeter 
The Model G-501 Preci- 


sion Gaussmeter consists 
of three interconnected 
parts, (1) Probe, (2) Os- 
cillator, (3) Indicator. 
The probe, containing the 
sample material, is posi- 
tioned in the magnetic 
field of the magnet under 
surveillance. The sample 
material absorbs RF en- 
ergy at a particular res- 
onant frequency deter- 
mined by the magnetic 
field strength, and the 
known physical constants 
of the sample material. 
RF energy is applied to 
the sample volume by a radio-frequency coil surround- 
ing the sample. This coil forms part of the tuned cir- 
cuit of the oscillator and provides the means for an 
indication of circuit loss in the coil caused by the 
absorption of RF energy by the nuclei of the sample 
when resonance occurs. The indication of resonance 
is shown on the cathode ray tube built into the indi- 
cator panel ... (From new 4-page brochure, Harvey- 
Wells Electronics, R & D Div., 5168 Washington St., 
West Roxbury 32, Mass.) 
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SAMPLE 
MATERIAL 


Thermocouple Temperature 
Millivolt Tables 


Thermocouple temperature-emf relationships based 
on Instrument Society of America and National Bu- 
reau of Standards tables (with exception of Plat. 30° 
Rh., Plat. 6% Rh.) 


Abbrevia- 
tions 
Used in ISA Conductors Polarity Conversion Factor to 
Tables Symboi Positive(+) Negative (—) 0°C Reference Junction ¢ 


- J lron Constantan +1.28 Millivolts 


i/Cc Y Iron Constantan +1.32 Millivolts 
Y 


_ Chromel Alumel +1.00 Millivolts 


i T Copper Constantan +0.99 Millivolts 


Cr/C eE Chromel Constantan +1.50 Millivolts 
E 


P10 S Plat. 10% RH Platinum +0.143 Millivolts 
S 


P13 R Plat. 13% RH = Platinum +0.142 Millivolts 
R 


P30 ~=—- P30*_- Plat. 30% RH Plat. 6% RH -+-0.007 Millivolts 
*Thermo Electric Symbol 
+ Conversion Factors to 32°F Reference Junction on reverse side 
(From new 4-page Table, Thermo Electric Co., Saddle 
Brook, N. J.) 
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FOR THE ENGINEER 


who can’t sleep nights 


reason, it is probably the most inexpensive 
relay you can use where infallibility is an 
essential. 


If you’re losing sleep over a sticky problem 
in automatic control, AE can help—because 
AE has a reputation for making things work 
automatically. 

It’s not surprising, considering our unique 
experience in the design of circuits and com- 
ponents for automatic telephone exchanges. 


What’s more, AE relays and stepping 
switches are unique in their own right — 
because they’re built to have substantially 
zero variation in operating characteristics 
for life. 

As an example: the AE Class B Relay, illus- 
trated, provides hundreds of millions of 
operations with unfailing contact reliability, 
and seldom needs maintenance. For this 








AE relays and stepping switches are custom- 
made to your specifications — and are also 
available wired and assembled into complete 
control units. And we’re always glad to sug- 
gest specialized circuits that may cut your 
end costs. 


Want more information? Just write the 
Director,Control Equipment Sales, Automatic 
Electric, Northlake, Illinois. 


Also yours for the asking: Circular 1702-E, 
Relays for Industry, and a new 32-page 
booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 
GENERAL TELEPHONE & ELECTRONICS 
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ENGINEER'S 
FACT FILE 


FREE 


A Complete Manual on 


MERCURY 
PLUNGER 
RELAYS 


60 Amps or 5 HF 


FREE: brand new edition 


trated. Rated as the standard reference 


fully illus 


manual on all types and application 
2 and 3 


sealed, compact and 


Double 


Da! of Mercury Plunger Relays. 1 
ole 


pole hermetically 
miniature units that provide inillions of 
raodalalaltiol kmisle) 2k clale MM slate] Cn An dalel a 


maintenance. No pitting orrosion 


end for FREE FACT FILE and 
30-day Free Test deta 


EBERT ELECTRONICS CORP 


212-A30 Jamaica Ave., Queens Village 28, N. Y. 


CANADA: Philips Electronics Industries Ltd., Toronto 17 
EXPORT: Philips Export Co., New York City 
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For absolute cleanliness, 


low cost CIRCO ultrasonic 


degreasers and washers 


CORROSION RESISTANT 
STAINLESS CLAD “Ge 
COINSTRUCTION 


from 


$1595.00 
ee ce in” 


In case after case, where absolute product cleanliness 
is critical, CIRCO does the job...does it faster...does 
it cheaper. Choose from standard models to huge 
custom-designed conveyerized systems, or convert 
your present cleaning equipment merely by adding 
CIRCO ultrasonic transducers and controls. And, 
where conventional cleaning is sufficient, CIRCO 
offers a complete line of degreasing and washing 
units and degreasing solvents. 


CciRCO Equipment Company 


NYel-Talel tila OLigekiolalial 4al-1aeR" 
51 Terminal Ave., Clark, New Jersey * FUlton 8-8600 
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Logic Switches 


Tally Logic Switches are basically electro-mechan- 
ical power amplifiers of pulsed bi-stability with de- 
layed configurations. Each switch includes an exten- 
sive complement of switching elements, providing mas- 
sive logic combinations. Three basic elements are 
combined in each switch—a delay element, a bi-stable 
element, and a number of AND gates associated either 
with the assert or negative side of the bi-stable ele- 
ment... 

One of the two logic states available in Tally 
Switches is always present in complete mechanically 
stable form. That is, power may be removed from the 
system without change in its logic state. This perma- 
nent memory feature is especially useful in pulse delay 
logic . . . (From new 8-page Form TRC-LS-2, Tally 
Register Corp., 5300 14th Ave., N. W., Seattle 7, 
Wash.) 
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Universal Linear Operator 


Model K5-U Universal Linear Operator is an Elec- 
tronic Analog Computing Component which accepts 
up to four input voltages, applies to each a weighting 
factor adjustable in increments of 0.01 from —11.10 to 
+11.10, and then obtains the sum in a choice of the 
following forms: (1) Multiplied by a constant adjust- 
able from 1 to 1000 in power of 10, or by zero; and 
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then added to an index value adjustable from —50.0 
to +50.0 volts in steps of 0.1 volt. (2) Integrated, 
starting with an initial value adjustable from —50.0 
to +50.0 volts in steps of 0.1 volt. The integrating 
speed is adjustable from 1.00 to 1000 radians per 
second in powers of 10. All these values are set by 
means of high accuracy decade switches on the front 
panel. The decade switch settings are direct reading; 
no calibration voltages need be measured . . . (From 
new 4-page Bulletin K5-U, George A. Philbrick Re- 
searches, Inc., 285 Columbus Ave., Boston 16, Mass.) 
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ONE HUNDRED 
ELECTRONIC CIRCUITS 
‘olume 
Milton. H. ya 
Charles F. Kezer 


COVERS 


Test Instrument Circuits 
Phase Shifters 

Alarms 

Controllers 


$2.00 postpaid 


Power Supply Circuits 
Amplifier Circuits 
Oscillator Circuits 
Pulse Circuits 














HAGAN NEWSLETTER — MARCH 


Behind the panel 


TO CONTROL 42 SOAKING PITS FROM A 50-FOOT CONTROL HOUSE 


A major steel producer engaged in an expansion program projected the building of 42 new 
soaking pits, arranged in 14 rows of 3 pits each, but the space available for a centralized 
control house was only 50 feet long. This problem was presented to Hagan, along with certain 
considerations that had to be observed. These were--the panel must provide high visibility 

of pit temperatures, heaters wanted to be able to see the entire trend of the heat on recorder 
charts, metallurgists wanted daily access to individual pit temperature and fuel flow records, 
the instrument department wanted chart changing held to a minimum. Hagan's solution satisfied 
these seemingly irreconcilable requirements. Here is how it was done: A new Hagan instrument 
that includes a highly readable pit temperature indicator, plus a 24-hour chart which records 
pit temperature and fuel flow, satisfied both heater and metallurgist, without the necessity of 
withdrawing the instrument chassis from its protective case. All row variables--flue pressure, 
air pressure, combustion air temperature and recuperator temperature--are recorded on mini- 
ature 30-day strip charts. The panel width for one row is exactly 42 inches so that the total 
width for the 42 pits will be 49 feet, well within the specifications. (Details on request. 
Ask for Item M-1) 














HAGAN SYSTEM KEEPS AUTO TIRES AT pH 6.8 
At one stage in the curing of tire rubber, it flows through huge tuber tanks where water must 
be maintained exactly at a pH of 6.8. This part of the process insures the elimination of 
hairline cracks in tires after weathering. The Hagan system constantly measures water flow 
into the tanks and, at the same time, the pH of the water. These two signals are combined to 
adjust the stroke of an acid feed pump which injects an accurately measured amount of acid into 
the main water system. The two measurements are made so accurately that the pH of the water 
has been maintained at exactly 6.8 despite widely varying flows. (Details on request. 
Ask for Item M-2) 








BAKING OVEN FOR MISSILE WINGS CONTROLLED BY HAGAN 


Missile wings made of honeycomb aluminum covered with a plastic resin must be cured in an 
oven that not only bonds the plastic to the aluminum core, but also assures a smooth and 

hard surface resistant to air erosion. The control system programmer establishes the desired 
temperature and duration of the curing process. Temperatures are slowly elevated and then 
reduced over a 12 to 24 hour period. A Hagan GT thermostat senses the temperature in the oven 
and sends a signal to a Hagan Ratio Totalizer. Any error between transmitted temperature and 
set point brings about the regulation of a blending damper controlling the amount of ambient 
air blended with electrically heated air. Engineers like the system because of its simplicity 
and the ease with which programs can be changed to meet new conditions. After two years of oper- 
ation, the system has proved extremely accurate, and maintenance has been only routine. 
(Details on request. Ask for Item M-3) 








BASIC OXYGEN STEEL PROCESS CONVEYORS GO PNEUMATIC 


Among the steel companies who are making use of the new basic oxygen process, one has come 

to the conclusion that the best way to convey burnt lime and limestone to the vessel is 
pneumatically. And, to make sure that the system works accurately and with the least possible 
maintenance, the control system should also be pneumatic. On this particular system, Hagan 
controls the flow of material from the track hopper to the holding bin to the batch hopper. 
At each point, interlocking controls assure that the flow of material will be uninterrupted 
and will arrive at the vessel in the exact quantities demanded by the operator. In operation 
for over two years, the system has proved efficient and dependable and has required only 
routine maintenance. (Details on request. Ask for Item M-4) 








HAGAN CHEMICALS & CONTROLS, INC., Hagan Building, Room 711, Pittsburgh 30, Pa. 


iD 


HAGAN DIVISIONS: CALGON CO. — HALL LABORATORIES — BRUNER CORP. 
FOR INFORMATION ON M-1 CIRCLE 44, M-2 CIRCLE 45, M-3 CIRCLE 46, M-4 CIRCLE 47 
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MEASURES TENSILE OR COMPRESSION LOADS 


Accurate to within 1% of full scale capacity. 
 Jewelled dial indicator repeats perfectly. 
 Shockless mechanism for rough jobs. 

Red maximum pointer registers peak loads. 
Optional switch controls mechanisms. 
Accommodates wide variety of attachments. 
Available as combination push-pull model. 
w Extremely compact. Fits into ‘‘tight’’ spaces. 
 Flexes millions of cycles without damage. 
WRITE FOR FREE ILLUSTRATED CATALOG AND PRICE LIST 


different capacities from 
12 as low as 0-10 Ibs. up to 
as high as 0-50,000 Ibs. 
14584 Keswick St., 


wc. Dillon &co,,1nc, Yan ev 13 cat 
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Harco has thermocouples to meet all your temper- 
ature sensing requirements. The result of proven 
design, careful control and selection of materials, 
skillful workmanship, and continuous inspection 
during manufacture, these instruments can be 
counted on for an exceptionally high degree of 
accuracy and long, dependable service. 


A wide range of standard thermocouples from 
which to choose . . . for every conceivable 
type of installation and application . . . in 
Chromel-Alumel, tron-Constantan (NBS or 
L & N) and Copper-Constantan. 
Harco designs special thermocouples to 

meet your individual needs. 

Write today for free technical literature 

and the name of your local Harco Factory 

Representative. 








HARCO LABORATORIES, INC. 
79 Olive Street, New Haven, Conn. 
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Precision Differentials 


Advantages of Solid Shaft Differentials SI 110 are: 
(1) made of precision ground, corrosive resistant ma- 
terials; (2) small “package” size; (3) they are very 
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+ 


c 


CLEARANCE 
OiumeETeR 


© 

— Fe 
inexpensive; (4) suitable for commercial as well as 
military instruments; (5) end gears are easily de- 
tached, by loosening 3 screws; (6) they meet ap- 
plicable military specifications ... (From new 4-page 
bulletin, Superite Instrument Corp., 7 Mayflower P1., 
Floral Park, L. 1., N. Y.) 
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Automatic Chart Changer 


New chart changing principle combines with uni- 
versal type chart drive, either standard spring wind, 
jeweled or gas driven never wind . . . Loads up to 31 
charts at a time. Each revolution of the chart actu- 
ates a release mechanism that drops one chart into 


the Dial-O-Graph magazine, for collection on a later 
date . . . One chart dialed off every chart revolution, 
regardless of the time necessary for that revolution. 
The top chart when completely recorded is dialed off 
and dropped into the chart receptacle attached below 
the meter case, the second chart is instantly in place 
for a new recording .. . (From new 6-page pocket-size 
pamphlet and 3-page bulletin, Mullins Mfg. Co., 3311 
W. Davis St., Dallas 11, Texas. 
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IMPERIAL 
Q” Engineering and Data File” 


Nut assembles to body — provides 
make-and-break butt joint. 


Sleeve embodies silver alloy brazing ring 


—is brazed permanently to tubing. 


NEW BRAZE-SEAL FITTING 


WITHSTANDS SUPER-PRESSURES, HIGH TEMPERATURES 
..» RETAINS MAKE-AND-BREAK CONVENIENCE 


Until Imperial Braze-Seal came along, 
engineers could not specify an econom- 
ical make-and-break fitting for tubing 
circuits involving super-pressures and 
high temperatures. Applications like these 
called for welded connections. But now 
Braze-Seal offers high reliability, even un- 
der extreme pressures. (See chart below.) 


MAXIMUM DESIGN PRESSURES (PSI) 
FOR BRAZE-SEAL FITTINGS 


Tube 316 Carbon 
0.D. Stainless Steel 

3/8” 64,000 48,000 
62,400 46,800 
61,600 
61,600 
60,000 
56,000 
52,000 
48,000 
44,000 


46,200 
45,000 
42,000 
39,000 
36,000 
33,000 








of the safety factor is recommended: 
ee ter slows op 10 MP OBE 6tel, tor shes %" tT OD 





This Braze-Seal Sleeve, containing a 
silver alloy brazing ring, is the key to 
the performance of the Braze-Seal Fit- 
ting. It assures a joint that will withstand 
these extreme pressures because it is 
permanently brazed to tubing. Yet the 
fitting provides the convenience of a 
make-and-break butt joint, as illus- 
trated, and is extremely easy to assemble. 


Reducing Sleeves Provide Versatility 


Can be furnished to reduce any size 
Braze-Seal tube end to any specified 
tube size. Extremely convenient on tees, 
for example, where any size tubing can 
be connected to the same tee body. 
CIRCLE 50 ON READER-SERVICE CARD 


Also, the same body may be used for 
making up flareless Hi-Seal fitting joints. 

Imperial Braze-Seal Tube Fittings can 
be furnished in steel or stainless steel. 

Check the outstanding features of 
Braze-Seal for yourself. Send for a 
sample fitting. See how Braze-Seal can 
help you solve the most difficult prob- 
lems in super-pressure and high-temper- 
ature tube circuitry. 


IT’S IN THE BOOK 


Braze-Seal Fittings are covered ad 
in Imperial's new Hi-Seal 
Catalog — the most 

comprehensive coverage 

available on the subject 

of fittings, a hard- 

working handbook 

for engineers. Send 

for your copy today. 


THE IMPERIAL BRASS MANUFACTURING CO, 
Dept. ICS-30, 6300 West Howard Street 


Chicago 48, Illinois 8-60 
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Low Coat 


PURGE METERS 


* Simple * Safe 
* Sure— 


New Series C M acrylic plastic PURGE METERS 
have been developed for all purging applica- 
tions requiring a positive flow indication and 
maximum reproducibility of small flow con- 
ditions. Drilled, reamed and polished, these 
precision engineered units provide the ideal 
method of inexpensively measuring small gas 
or liquid flows where high accuracy is not 
paramount. Etched scales permit direct, easy 
readings and advanced flow control valve 
offers improved convenient control. Solid, 
one piece construction insures trouble-free 
operation. From $5.00. 











eae? 


Send tor 





C/MAR corporation 
35 Euclid Avenue, Manasquan, N. J. 
EXPORT DIVISION: Empire State Bidg., N. Y. 1, N. ¥. 
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MARSHALLTOWN 


THE RIGHT GAUGE 
FOR YOUR 
SPECIFIC NEEDS 





Available in a wide variety of 
general purpose and special 
purpose gauges in pressure 
ranges to meet your specifica- 
tions in every particular. 





@ COMBINATION 
@ DIAPHRAGM 
@ HYDRAULIC 


@ AND SPECIAL 
PURPOSE GAUGES 


! 

[ @ DIAL THERMOMETERS 
| (Vapor Tension or Bi-Metal) 
! 


@ PRESSURE 
@ VACUUM 
@ COMPOUND 
@ ALTITUDE 


WRITE TODAY FOR COMPLETE INFORMATION 


MARSHALLTOWN MFG. COMPANY 
| MARSHALLTOWN 3, IOWA 
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A New Concept for 
Teaching Servosystems 


Servolab is a packaged assembly of electronic and 
electro-mechanical components constituting a highly 
versatile synthesis and analysis system. With it, the 
dynamic characteristics of control systems and feed- 


Denon. CORRECTIVE HETWORK MODULATOR SERVO auPLiPIER 
De a6 nis ne 
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back loops can be tested, demonstrated and displayed. 
The entire system, or any specific portion, can be 
literally put through its paces . . . Servolab modules 
enable the student to synthesize every kind of system 

. The following are just some of the types of systems 
which can be readily handled) by students: Deadzone, 
Coulomb striction, friction, Viscous friction, Back- 
lash, Compliance, Torque constants, Inertia, Gear ra- 
tio effects. Transport . . . (From new 8-page Report 
SR-3, Servo Corp. of America, 111 New South Rd., 
Hicksville, L. 1., N. Y.) 
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Portable High-Speed 
Framing Camera 


The Model 1 can take four separate pictures either 
in sequence or simultaneously. The time duration of 
each exposure is independently set by a convenient con- 
trol. An external electrical signal will synchronize the 
exposure with any desired event. The time delay be- 
PMOTOSRAPHIC 


OBVEC™IVE RECORDING 
we-— CaTHODE  ANODE— .ess—— 


-~ i Ul 


Y 


ADJUSTABLE 
APERTURE 


eLecraome euettan 1, 
poo oat — 
RIGGER INP | ore 
—__—— 
TIME DELAY AND 
GENERATOR 


| evectmicar | 
wat | actuator 
wecn SHUTTER | 
INPUT S16. 


Functional diagram of one channel}. 


tween the synchronizing input signal and the exposure 
is continuously adjustable from 1 to 1000 microsec- 
onds. Any exposure can be triggered from any previ- 
ous exposure, giving a total delay time of 4,000 micro- 
seconds. The Model 1 uses special image converter 
type tube shutters developed by Abtronics . . . (From 
new 2-page pamphlet “Electronic Camera,” Abtronics, 
Inc., 64 South P St., Livermore, Calif.) 
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Size for Size... 

New ASCO Midget 3 Way 
Solenoid Valve 

provides 


LMETCHED FAS RETURN 


UNMATCHED FAST RETURN 
HED FAST RETURN 
SSAA 


Of Cylinders and Diaphragms . 


INTEGRAL OVERSIZE ORIFICE SPEEDS EXHAUST CYCLE... ELIMI- 
NATES SEPARATE QUICK VENT VALVE. 


New 3 way Bulletin 8317 with full 14” diameter exhaust ori- 
fice provides quick venting of pressure from cylinders and dia- 
phragms...assures the fastest cylinder or diaphragm return 
of any valve its size. It takes the place of larger, more ex- 
pensive valves... eliminates need for connecting a separate 
quick vent valve in the circuit to speed up the exhaust cycle. 


This ASCO valve has only 2 moving parts, mounts in any 
position. Available in normally open, normally closed and 
universal construction... with general purpose, explosion 
proof or watertight solenoid enclosures in 14” pipe size... 
for pressures to 160 p.s.i.... for water to 100°F, air, gases 
and light hydraulic oil to 180°F. 


The Bulletin 8317 Valve is available immediately from stock. 
WRITE for catalog literature and for the new ASCO Stock 
List & Selection Guide listing the world’s largest stock of 
solenoid valves for immediate delivery. 


ASCO Valves 


Automatic Switch CO. 52-F HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES » ELECTROMAGNETIC CONTROL 
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EVENTS 


March 23-24 

10th Annual Iron & Steel Conference, 
Pick-Roosevelt Hotel, Pittsburgh, Pa. 
For information write R. E. Black- 
well, Box 1346, Pittsburgh 30, Penna. 


March 24-25 

ist Annual Symposium on Human 
Factors in Electronics, New York 
City. For information write R. R. 
Riesz, Chmn. Papers Procurement 
Comm., c/o Bell Telephone Labs, 
Murray Hill, N. J. 


March 26 

Fourth Annual Symposium on Recent 
Advances In Programming Methods, 
Ohio State University, Columbus, 
Ohio. For information write R. K. 
Kissinger, Nationwide Insurance 
Companies, 246 N. High St., Colum- 
bus, Ohio. 


April 4-5 

Solar Energy Symposium, sponsored 
by the University of Florida and the 
American Society of Mechanical En- 
gineers, on campus of University of 
Florida. For information write John 
C. Reed, Mechanical Engineering De- 
partment, University of Florida, 
Gainesville, Fla. 


April 4-6 

Third Annual ISA Symposium on 
Progress and Trends in Chemical and 
Petroleum Instrumentation, Hotel 
Sheraton, Rochester, N. Y. For in- 
formation write ISA, 313 6th Ave., 
Pittsburgh 22, Pa. 







April 4-7 

1960 Nuclear Congress, The Coliseum, 
New York City. For information 
write Nuclear Congress, 29W. 39th 
St., New York 18, N. Y. 


April 4-8 

Short Course in Strain Gage Tech- 
niques, Southwest Research Institute, 
San Antonio, Texas. For information 
write Dr. M. M. Lemcoe, SRI, P. O. 
Box 2296, San Antonio 6, Texas. 


April 5 
New Jersey Section of ISA Symposi- 
um on Computers In The Process In- 
dustry, Hotel Essex House, Newark, 
. J. For more information write 
D. L. Lightstone, Robertshaw-Fulton 
Controls Co., 44 Grand Ave., Engle- 
wood, N. J. 


April 6-8 

Institute of Environmental Sciences 
National Meeting, Biltmore Hotel, 
Los Angeles. For information write 
Bruno Forscher, 16446 Bircher St., 
Granada Hills, Calif. 


April 12-13 

Ninth Annual Instrumentation Short 
Course, Los Angeles Harbor Junior 
College, Wilmington, Calif. For in- 
formation write Maynard Strader, 
Union Oil Company of California, 
P. O. Box 758, Wilmington, Calif. 
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April 12-14 

38znd Annual PIEA-PESA Conference 
and Exhibition, Municipal Auditorium 
and Muehlbach Hotel, Kansas City, 
Missouri. For information write 
Duane L. Thoe, Petroleum Industry 
Electrical Association, 22283 Dodge St., 
Omaha 2, Nebraska. 

April 18-19 

Third Annual Conference on Auto- 
matic Techniques, sponsored by the 
ASME, IRE and AIEE, Cleveland, 
Ohio. For information write J. H. 
McRainey, Room 530, 1213 W. 3rd 
St., Cleveland 18, Ohio. 


April 19-21 

10th Annual Symposium of Active 
Networks and Feedback Systems En- 
gineering Societies Bldg., 33 W. 39th 
St., New York. Microwave Research 
Institute of Polytechnic Institute of 
Brooklyn. For information write 
Herbert J. Carlin, Microwave Re- 
search Institute, 55 Johnson St., 
Brooklyn 1, N. Y. 

April 20-22 

Twelfth Annual Southwestern I.R.E. 
Conference and National Medical 
Electronics Conference, The Sham- 
rock Hilton Hotel, Houston, Texas. 
For information write SWIRECO, 
P. O. Box 22331, Houston 27, Texas. 


April 20-22 

Texas A & M Symposium on Instru- 
mentation for the Process Industries, 
will be held on campus of Texas A & 
M. For information write N. E. Welch, 
Chemical Engineering Dept., Agricul- 
tural and Mechanical College of Tex- 
as, College Station, Texas 


April 27-29 
Sixth Annual Southern ISA Confer- 


ence & Exhibit and First Pulp and 
Paper Division Symposium, Pensacola, 
Florida. For information write W. H. 
Matthews, P. O. Box 4426, Pensacola, 


Fla. 


May 2-4 

NAECON 12th Annual National 
Aeronautical Electronics Conference, 
Biltmore and Miami-Pick Hotels, 
Dayton, Ohio. For information write 
J. S. Horrigan, 5387 Maple Cliff Ct., 
Dayton 15, Ohio. 

May 3-5 

1960 Western Joint Computer Confer- 
ence, Jack Tar Hotel, San Francisco, 
Calif. For information write H. M. 
Zeidler, Stanford Research Institute, 
Menlo Park, Calif. 

May 9-12 
Summer Instrument-Automation Con- 
ference & Exhibit of I.S.A., Civic 
Auditorium, San Francisco, Calif. For 
information write I.S.A., 313 6th Ave., 
Pittsburgh 22, Penna. 


May 9-11 

Annual PGMTT Symposium, spon- 
sored by IRE Professional Group on 
Microwave Theory and Techniques, 
Hotel del Coronado, Coronado, Calif. 
For information write David B. Med- 
ved, CONVAIR, Division of General 
Dynamics, Mail Zone 6-172, Box 1950, 
San Diego 12, Calif. 


June 16-18 

Fifth Annual Symposium and Exhibit 
of American Scientific Glassblowers 
Society, Penn-Sheraton Hotel, Pitts- 
burgh, Penna. For information write 
W. E. Barr, Gulf Research & Develop- 
ment Company, P. O. Box 2038, Pitts- 
burgh 30, Penna. 
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The new Sanborn Model 320 system — for general purpose DC recording 
in any part of the plant or on field assignments — combines rugged current- 
feedback amplifiers, 2-channel recorder assembly and dependable 
all-transistor circuitry in less than a cubic foot of space. And the many 
advantages of Sanborn multi-channel systems are incorporated in the new 
portable 320 — low impedance, enclosed galvanometers; clear, 

permanent traces made by heated styli; rectangular coordinate charts. 
Most components for each channel are mounted on one easily serviced card; 
others are readily accessible. The control panel permits easy access to the 
controls for each channel . . . provides for observation of 6 inches of the chart 
. ..and it can be set up for use vertically, horizontally or at a 20° angle 
using the adjustable stand /carrying handle. 


Your nearest Sanborn Sales- Engineering Representative can provide you 
with complete data or write the main office in Waltham. 

Sales- Engineering Representatives are located in principal cities 
throughout the U.S., Canada and foreign countries. 


CT WRITING SYSTEM 


up to O.5 millivolt/mm sensitivity 

inputs floating and guarded for each channel 
rectangular coordinate charts full 50 mm wide 
only 12%” square, 8%” deep 

4 pushbutton chart speeds 

completely transistorized 


SPECIFICATIONS 


electrical 
Sensitivity Ranges... .0.5, 1, 2, 5, 10, 20 mv/mm and v/cm Controls 
Input Impedance .... % megohm on mv/mm ranges and (for each recording channel ) 

1 megohm on v/cm ranges Range Switch 6 positions and off 
Frequency Response 3 db down at 125 cps, 10 div Smooth Gain Control 


peak - to- peak : : +4 

Common Mode Voltage + 500 volts maximum mise sac SEE SOM, gy tem 
Common Mode Rejection 140 db minimum DC Stylus Heat Control 

Linearity maximum non-linearity — 0.2 mm with . 

respect to chart center Galvanometer Damping 

Calibration 10 mv internal signal + 1% Galvanometer Compensation 
Limiting approx. = 115% of full scale 
Rise Time. . . .4 milliseconds with less than 4% overshoot 


(screwdriver adjusts. ) 


(for the entire system) 

Power ON-OFF 

physical Speed Control sseeeeed, 5, 20, and 100 mm/sec 

Input Connectors separate for each channel Marker - Off- Timer 

Output Connectors. . . .40 mv/mm sensitivity for connection 
of external monitoring scope to each channel Data subject to change without notice 

Dimensions approx. 12%” by 12%’ by 8%" ‘ 

Weight approx. 55 Ibs. 





See this new System at the I.R.E. Show—Booths 3601—03-—05 


Ser 
SAN BOR N Conv PANY 


INDUSTRIAL DIVISION 175 Wyman Street, Waltham, Massachusetts 
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There are millions of separate, individually distinct tem- 
perature ‘‘monitors” in a length of the Fenwal Line Tem- 
perature Detector’s sensing tubing. It’s packed with a ther- 
mally sensitive eutectic salt compound surrounding a center 
conductor. Any point on the tubing responds instantly and 
precisely to an undesirable temperature . . . electrically acti- 


vates alarm and/or corrective control. This discrete sensing 


Millions of Monitors eliminates the errors inherent in systems based on averaging. 


Fenwal Line Temperature Detectors have repeatedly 
proved their reliability in aircraft and missiles. They are 
eee for Hundreds equally applicable in industry: on bearings, in engine test 
° ° cells, catalyst beds, electric generators, for transformer pro- 
of Applic ations tection, and elsewhere. 
Flexible sensing element mounts easily — forms continu- 
ous loop back to compact control unit. Several sections, each 
set for a different temperature, can be connected in series to 


The Fenwa l Line operate independently. Rugged design provides constant, 
gis fast-acting protection . . . resets automatically. 


Temperature Detector If you have many points to monitor, chances are a flexible 


Fenwal Line Temperature Detector . . . formed to your exact 
configuration . .. would help. Talk the application over with 
a Fenwal Sales Engineer. Write Fenwal Incorporated, 363 
Pleasant Street, Ashland, Massachusetts. 


Line Temperature Detector 


Another 
example of how CONTROLS TEMPERATURE... PRECISELY 
CIRCLE 57 ON READER-SERVICE CARD 
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Automatic Burglar Alarm 























One of the objects of the present 
invention is to provide a_ burglar 
alarm which can be readily adapted 
to a door or window, in such a man- 
ner that the opening of the door or 
window will produce an alarm in 
the form of a water spray issuing 
from a spray nozzle, which is ar- 
ranged above the bed occupied by 
the person to be awakened by the 
opening of a door or window in the 
house. 

The operation of this device is as 
follows: To bring the parts of the 
alarm into their operative positions, 
first the cocks 38 and 39 are set to 
open a communication between the 
faucet 28 and the spray-nozzle 34. 


The racks 15 and 21 are attached 
by the wing nuts 14 and 20, respec- 
tively, to the upper and lower sashes 
of the window. The keeper 56 is 
then disengaged from the projection 
55 upon the rack 43, whereby the 
device is ready for operation. 


Arnold Zukor 
Patent 1,046,533 
December 10, 1912 


If the burglar gets there first: 


Tail-Operated Positioner 


My invention relates to an elec- 
trical system adapted for use in cat- 
tle stalls. 

It is especially desirable in stalls, 
and especially where a large number 
of animals are kept, to provide some 
means which will cause the animal 
in the stall to step backwardly at 
the time of evacuation to deposit 
the droppings of the animal in a 
gutter suitably located at the rear 
of the stall. 

It is therefore one object of my 
invention to provide electrical means 
which subject the animal to an elec- 
trical shock at the time of evacua- 
tion. 

What I claim as new and desire 
to secure by Letters Patent is— 

The combination with a stall and 
a gutter, of means controlled by 
movement of the animal’s tail for 
causing the animal in the stall to 
move back toward the gutter. 











An animal controlling device com- 
prising means controlled by the 
animal’s tail for causing the animal 
to move backwardly, said means 
comprising means for electrical con- 
nection with the fore part of said 
animal. 

Elmer Swensen 
Patent 1,411,312 
April 4, 1922 
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American Integrating Orifice 
Meters provide more accurate 
measurement by the continu- 
ous multiplication of the 
square root of the measured 
differential by the square root 
of the absolute line pressure. 

Single, double and duplex- 
integrating models available 
in a wide range of manometer 
types and working pressures. 
Dust-proof, die-cast alumi- 
num cases...Gasclok and 
electric instrument chart 
drives. Also supplied with 
American Telecounter for» 
remote readings. 


Ask for Bulletin 401 for 
complete details. - 


AMERICAN’ 


METER COMPANY 


General Offices: Philadelphia 16, Pa. 
Sales Offices in Principal Cities 
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NEW NEW NEW NEW 


The economy cable, Type T Dekoron Multi- 
couple Cable consists of insulated, numbered and 
twisted wires covered with 90% closed No. 30 
cotton braid and outer sheath of .050” thick 105°C 
PVC. Moisture and chemically resistant; approved 
for direct burial. Can be installed without conduit, 
or with smaller conduit when necessary. 


TYPE A 


Same construction as Type T, above, except 
has outer covering of modified square lock galva- 
nized steel armor overall which shields cable, 
serves as conduit and provides crush resistance 
with great flexibility. 


TYPE AT 


Type AT Dekoron Multicouple Cables in- 
corporate all advantages of Types A and T. 
Consists of armored Type A sheathed with .050” 
thick 105°C PVC. Moisture, chemical, and high 
crush resistance. Approved for direct burial or 
installation without conduit in open racks. 


D[EKOROIN 


MULTICOUPLE EXTENSION WIRE 


Dekoron multiple pair harness of thermocouple extension wire is 
available now in three constructions, each in either Iron-Constantan or 
Chrome-Alumel. All are guaranteed to meet or exceed ISA specs for 
standard grade extension wire. 











And — equally important — all are designed to drastically reduce 
thermocouple extension wire costs. Dekoron Multicouple Extension 
Wire reduces installation and maintenance time... often cuts initial 
material costs . . . always lowers installed costs. A-14A 


® 
products QUALITY « RESEARCH + SERVICE 


SAMUEL MOORE & COMPANY 


DEKORON PRODUCTS DIVISION e MANTUA, OHIO 
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The sales managers of three leading analog-computer manufacturers — 
answered a recent inquiry on size of log computer ket as fol 

3 A BB: Cc 
Installed Value (purchase $50 million $80 million $100-$150 million 
price) of general-purpose $ ; 
EDA's (simulators) at end 
of 1958 
Annual current rate of $10-$14.5 $14 million .. $25 million 
sales million eae 
1957 Sales $ 8 million $14 million fe $20 million 
1958 Sales $10 million ion $25 million 
1959 Sales (predicted) $12 million $14 million $35 million . 
1960 Sales (predicted) $15 million $16.5 million $50 million 


Electric Production Resources Agency , BDSA, reports ‘that 11,071,000 re- 
lays were shipped in first six months of 1959, worth $79,565,000. Both — 
figures are 45% above same-period 1958 figures. 





Industrial ball valve sales are skyrocketing, reports B. Moss of 
Hydromatics, Inc., being $5 million in 1959, and expected to reach $25 
million in 1960, compared to $1 million in 1958. Military ball-valve 
sales were also $5 million in 1959, expected to be $25 million 1960. 








School shops {industrial arts, wood, metal, etc.) will purchase $315 
million worth of equipment in 1959, says W. E. MacLachlan of Rockwell, 
Delta Tools. 


Gas industry sales exceeded $5 billion in 1959, says Gas Age; 1550 dis- 
tribution companies and 100 transmission companies now serve 52.6 mil- 
lion customers; 205 underground storage pools have 2.7 trillion CF 
capacity; pipeline network comprises 595,600 miles. 








Electronic test, recording and measuring instrument market is estimated 
by F. Andrews of A. D. Little as follows (millions of dollars) : ; 


1959 1960 1959 1960 


Oscilloscopes $10 $11 Transmitter test | 
Oscillographs 15 16 equipment : 3 3 
Volt-ohmmeters 9 9  R-f measuring equip- 


ment 
Indicating Instru- — 
ments y 25 


R,C,L measuring 

equipment 3 4 
Analyzers for engine : 

Seakiae z 25 25 pa re ipatey: ia 
Tube testers 6 S- Yiltrasonic 4 
Microwave test Other test equipment 88 

equipment 10 15 
Signal generators 15 15 Total $250 





Oscilloscope market is reported as $25 million in 1954, $50 million in 
1960, and will be $75 million in 1962, says A. B. DuMont Labs. 








Steady growth of between 15-20% will raise annual volume of the elec- 
tronic test instrument industry to at least $550 million in 1960, says 
Albert F. Craig, Technical Information Corp., Power supply market should 


increase from $60 million in 1959 to at least $70 million in 1960. 
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Recording | 
Unit for 
Variable 1 


Bailey Recorder 
is key to 


Recording 


Unit for i 24) ag “step-by-step” 
automation 


M(t ae] +) (=z 


When you are pioneering a new process and 
don’t know all the answers, complete automa- 
Controlling om’, | tion is seldom practical. The first step is to 
oteune |... « é ; identify your variables and measure them. 
Nothing does this job better than a Bailey 
Recorder. One instrument can record any four 
variables that can be converted to electric or 


pneumatic signals. 


Once you get a better understanding of the 

Controll ing fr: variables in your process, you will want to add 
eit way trols and feed back y ts 
Variable 2 lenin’ controls and feed back your measurements. 
Here’s where the versatility of the Bailey 

Recorder comes into play. For the same Bailey 

instrument you use to record variables is 


designed to accommodate plug-in control units. 


When you use a Bailey Recorder, you can build 
your instrumentation along with your process. 
At the start, you use only the plug-in units for 
recording. Then you add plug-in controls as 


Units added to 
you see the need for them. 


Recorder-Controller 
as needed 
For the complete story of how you can use a 
Bailey Recorder for step-by-step automation, 


see your Bailey Engineer. 6-424 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1041 IVANHOE ROAD e CLEVELAND 10, OHIO 
in Canada — Balley Meter Company Limited, Montreal 
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Materials & Techniques for Elec- 
tron Tubes by Walter H. Kohl 
[c1960] Reinhold Publishing Corp., 
430 Park Ave., New York 22, N. Y., 
637 p., 9”, clothbound $16.50. A 
completely revised edition of “Mate- 
rials Technology for Electron Tubes” 
by the same author, the book covers 
all the material components of elec- 
tron tubes and the fabricating meth- 
ods. Includes extensive tables of 
physical properties of these specific 
materials. 
CIRCLE 186 ON READER-SERVICE CARD 


Electrical Efficiency in Industrial 
Plants, by Edwin S. Lincoln [c1959] 
F. W. Dodge Corp., 119 W. 40th St., 
New York 18, N. Y., 235 p., 9”, 
clothbound, $9.50. This practical 
guide to help identify and eliminate 
the sources of power loss, describes 
the methods of making surveys of 
power load, voltage, lighting, wiring, 
and electrical protection with a de- 
scription of the instruments used. 
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Thermodynamics by Franklin P. 
Durham [c1954, 1959] Prentice- 
Hall, Inc., Englewood Cliffs, N. J., 
second edition, 349 p., 844”, cloth- 
bound, $8.35. This book endeavors to 
speak to the undergraduate student 
on his level by developing the basic 
theory in terms of a minimum num- 
ber of simple equations. The concept 
of entropy is introduced early in the 
book and integrated along with the 
treatment of irreversible processes. It 
also introduces the concept of stag- 
nation conditions in steady flow proc- 
esses and stresses the importance of 
their use. Mollier chart, psychromet- 
ric chart, and a pressure-enthalpy di- 
agram for Neon-12 are attached. 
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The Servo Engineer’s Handbook 
published by Daystrom Transicoil 
Div. of Daystrom Inc., Worcester, 
Montgomery Cty., Penna., [cl1959] 
128 p., 8%”, paperbound, $3.00. 
Book is specifically devoted to servo 
components (motors, rate generators, 
synchros, gear trains, servo ampli- 
fiers, etc.), but includes also chapters 


PERFORATED 
TAPE READER 


MODEL 3500 


new DYKOR® all-solid state photo-electric 
reader offers optimum reliability, faster 
stops and higher reading speeds... 


For applications such as digital computers, ma- 
chine tool control and tape conversion, the fastest, 
most accurate Tape Reader available is the unique 
DYKOR 3500. Built by pioneers in data processing 
technology, the 3500 provides high reliability at 
high tape speeds. 


FEATURES... 


@ STOPS FASTER—Before the next character at 1,000 char./sec. 

@ READS FASTER—1,500 char./sec. (or faster if required). 

@ RELIABILITY ASSURED—By use of silicon photo-diodes, com- 
pletely transistorized circuitry on etched circuit boards, 
simple integrated optical system with regulated lamp current. 

@ VERSATILITY—5, 6, 7 or 8-channel tapes handled inter- 
changeably. Reads any standard tape material including oiled 
yellow Teletype paper. 

@ SIMPLE HANDLING—In-line load and unload. 

@ CHOICE OF SINGLE OR DUAL SPEEDS. Spooler unit avail- 
able. 


MODEL 4500—This DYKOR reei/ 
strip Reader handies 8” or 10/2” 
reels or strips interchangeably. 


IGITRONICS CORP. 


on servo system engineering and en- | 106 Albertson Avenue @ Albertson, L. |., N. Y. Ploneer 7-5090 
vironmental testing. 
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| BAGITRONICS INVITES INQUIRIES FROM QUALIFIED ENGINEERS FAMILIAR WITH DIGITAL TECHNIQUES. SOME TERRITORIES OPEN FOR REPRESENTATION 
CIRCLE 61 ON READER-SERVICE CARD 
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SPEEDOMA=xXx® 


...the key to highly dependable tests 
at AMP Incorporated’s research lab 


Investigation of thermals generated by termi- 
nals under high ambient temperatures is one ap- 
plication of Speedomax H instruments in the re- 
search laboratories of Aircraft-Marine Products, 
Inc., Harrisburg, Pa. A Speedomax H Recorder, 
out of view to the right of the operator, records 
the 1000 F temperature of the furnace in which 
the terminals are being heated. An L&N Stabi- 
lized Preamplifier with a Speedomax H zero- 
center millivolt recorder plots the thermals gen- 
erated by these terminals. Continuous operation 
without instrument failure (the average test runs 
about 240 hours) and reproducibility of tests 
within 1 uv are two advantages of this equipment. 


In this same laboratory where new and im- 
proved products are being developed and tested 
to supplement AMP’s wide variety of terminals, 
connectors, plugs, etc., for the electronic, aircraft 
and other industries, a Speedomax H 2-action 
D.A.T. Controller is used. This instrument pre- 
cisely regulates the temperature of an electric 
batch-type furnace to within +2 F. The flexibil- 
ity of this control helps them meet a variety of 
test conditions in investigating the effects of heat 
on various connector insulation materials. The in- 
strument’s manual rate of approach dial brings 
the test material up to working temperature in the 
shortest possible time without overshoot. It also 
permits rapid recovery of the test temperature 
when the sample or the control point is changed. 


In many research applications where tempera- 
tures, pH, voltage, speed, etc., are being studied, 
a Speedomax H Recorder or Controller can fill 
your requirements for a high quality instrument 
that saves bench space, is low in cost and is avail- 
able for quick delivery (two to four weeks after 
order is received). For more information, write 
to Leeds & Northrup Co., 4955 Stenton Ave., 
Phila. 44, Pa., for Data Sheets ND46-33 (100-106). 


Leeps | 


‘TET 
Instruments He qi 
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EDITORIAL 





THE ECONOMIC IMPORTANCE OF THE 
INSTRUMENTATION ENGINEERING SECTION 


RICHARD RIMBACH 


Mr. Chairman, Ladies and Gentlemen of the New 
Jersey Section, ISA: 

I am happy to be here tonight performing a famili- 
ar function—a labor of love one might say—espous- 
ing the cause of the instrument man, the instrument 
department, and instrumentation. 

For many years my voice was one of very few that 
were raised in support of these things. Would you 
like me to take just a moment to tell you what the field 
was like forty years ago? 

If a man wanted to buy an instrument, he had no 
instrument catalogs or buyers’ guides or magazines 
to go to. He hunted through general instrument cata- 
logs until he found something that implied that the 
manufacturer made an instrument. The instrument 
manufacturer himself was surprised to find that some- 
body thought his instrument of value. He did not 
think of instrumentation as a separate field with its 
specialists; he thought of it as a part of other fields— 
process instrumentation as a part of the chemical 
field, electrical instrumentation as a part of the field 
of electrical engineering, and so on. 

When I started the first trade journal in this field, 
more than 32 years ago, I was told by most instru- 
ment manufacturers that the field could never support 
a trade journal. 

At that time I also had a discussion with one of 
the large publishing houses to obtain permission for 
an associate to become a part of our organization be- 
cause he had sold his interests to the large publisher, 
and it was necessary for him to obtain a release. The 
permission was granted for two reasons—one was that 
the field of measurement and control would never 
amount to anything and the second reason was that 
this publisher would never put a publication into the 
field. But they are in the field today! 

An here you are, wondering where you are, what 
the field is really like, and particularly, where you 
are going. 

The key to many of our problems is that the field 
is basically horizontal, yet it has many vertical seg- 
ments. 


Address by Richard Rimbach, Publisher of INSTRUMENTS & 


CONTROL SYSTEMS, to New Jersey Section, ISA, Oct. 6 
1959 


For example, every engineer and scientist should 
know the fundamentals of measurement, if not con- 
trol, yet specialties exist in all phases of instrumenta- 
tion—ultrasonics, analytical techniques, standards and 
calibration, stress analysis, digital computers, simula- 
tion, to name but a few. 

It is this complexity and diversity of both product 
and technique that has made the Instrument Depart- 
ment essential for any large organization that per- 
forms significant amounts of either research, develop- 
ment, or production. 

It can be safely said that today it is a rare indus- 
trial process or research project that is not drawing 
on many types of instrumentation—electrical, elec- 
tronic, pneumatic, hydraulic, mechanical, optical, etc. 

to monitor, to measure, and to control its operations. 
Although many managements are to be found that 
still believe its engineers should also be instrument 
men (and it is true that every engineer should know 
something of instrumentation) , most managements dis- 
covered long ago that it is more efficient to have a 
central instrument facility that offered the following 
types of services: 

1. Instrument selection and modification to the task 
at hand 

2. Instrument installation and maintenance 

3. Instrument calibration and repair 

4. Instrument advice and consultation to both operat- 
ing and management personnel 

5. Instrument use advice—including a training pro- 
gram for proper use of the instrument by operating 
personnel. 

Remember that we are using the word “instrument” 
in its broadest sense—anything that the process or 
plant worker needs to measure, monitor and con- 
trol his operations or to meet his measurement and con- 
trol needs. This is repeated because there is an ART 
to instrumentation that comes only with experience; 
the feel of this field that encompasses so many, if not 
all, the areas of modern physics and chemistry. 

Thus the first point that can be made strongly is 
that the Instrument Engineering Section should exist 
as a separate entity—not only in the plant but also in 
the laboratory. 

The techniques and equipments that are now avail- 
able are so vast in number that no management should 
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rely on its average engineers to provide the instru- 
ment services it needs. The proof here is that most 
organizations already have seen this obvious point. 
Only where personality and political conflicts between 
departments exist do we find the old-fashioned pro- 
cedure of permitting every department to perform its 
own instrumentation without any direction from a 
central source. 

Here we make another important point—the instru- 
ment department must always work closely with many 
other departments in the plant and laboratory, often 
in a consulting capacity. The degree to which this 
partnership with operating and research personnel is 
effected is a measure of the degree of success of the 
instrument department; we can make a good case for 
saying that the degree of responsibility that the instru- 
ment department can get will depend on the degree of 
responsibility it assumes. 

This assumption of responsibility does not mean the 
common self-glorification via generalities, editorials, 
awards, titles, etc. Do not mistake the rituals and sham 
of organized groups with the accomplishments of the 
individual. 


The Legitimate Functions of an 
Instrument Department 

In the final analysis the responsibility one gets de- 
pends on how many of the legitimate basic functions of 
your instrument department are actually carried out 
by you. Let us review these functions again. They are 
worth repeating in slightly more detail. They are as 
follows: 


A. Consulting-type measurement and control advisory 
service on any design, research or production proj- 
ect, including instrumentation assistance up to and 
including selection or construction of the apparatus 
required by the process or project. 

Initial installation and calibration of the instrumen- 
tation. 

. Maintenance of a central instrument department 
with responsibility for repair and calibration of all 
instruments. 

. Modification and improvement of existing instru- 
ments and apparatus to meet the needs of the 
laboratory project or process. 

Provide an education program for both profes- 

sionals and technicians in proper use and reading 

of instruments, proper recording of data, funda- 
mentals of gore measurements, and orientation 
in the basic fields involved in the laboratory or 
plant. 

Survey the instrument literature to keep abreast of 
the many developments, and to inform appropriate 
scientists both of the literature and the develop- 
ments. 

G. Report to management on instrument needs of the 
plant or laboratory. 

H. Consult with management on all matters related to 
instruments. 

The degree of executive responsibility the instru- 
ment department will finally achieve will depend on 
the success you have in performing these legitimate 
functions of your department. 
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Note that the upper limit is very high indeed. If 
management were to be served in such a way that it 
relied on your judgement in all these matters, then 
there would be little question of status. 

But let me point out that it is not enough to ask for 
status and plead for recognition while others are step- 
ping into the functions that should belong to the in- 
strument department. Here I am referring particularly 
to the new systems philosophy that is spreading like 
wildfire through our field. 

Basically, a group of men from outside the field 
of instrumentation have entered the field by saying 
that they will lay out, design and tailor the instru- 
mentation of the plant to the needs of the “system.” 
They have succeeded in selling many managements 
on their ability to do this, 

Where has the instrument department been while 
this is going on? Repairing pressure gages? 

In this situation we see why, at the same time that 
our trade journals are full of stories about computer 
controlled plants, our instrument departments are 
pleading for status and recognition. What we may 
have here is the coming home to roost of the pigeon 
of abdication of responsibility. Since you didn’t earn 
or assume the obligation for the control of the entire 
plant from its valves to its loggers and computers, 
others are doing it for you. Asking for status won't 
get it. You have to earn it. 

Your position is still strong. There is and always 
will be an essential ART to process control and in- 
strumentation, and you are the men who have that art. 
If you will look at the large responsibilities that you 
can legitimately assume in your systems, your future 
is bright. 

Serious consideration should be given to the instru- 
mentation involved just as early as it is given to the 
problems of underground lines, pipe bridges, plant 
streets, power lines, and other facilities. This is be- 
coming more and more important with the general 
tendency toward centralized control of large oper- 
ations and areas. 

Therefore, plant managers will be well advised to: 


1. Place the instrumentation specialist in the corporate 
structure across divisional lines. 


. Organize study teams composed of management, 
process and instrumentation engineers to consider 
the proper controls for processes at the design 
stages. In the design of future plants, the control 
should be considered first. 

. Make the instrument department responsible not 
only for the final indicating, recording and con- 
trolling equipment, but also for all other elements 
—from primary elements to control computer. 


. Arrange for the training of plant personnel in in- 
strumentation under the direction of the instru- 
ment department. 

. Finally, see that the members of the instrument de- 
partment have time to attend technical meetings, 
to meet with other instrument engineers and to 
keep abreast of latest developments. 





Readout Counter used 
in Tape Preparation for 
Machine Tool Control 


A Veeder-Root Series 1538 Remote Data Readout Counter 
provides tape feed control for the motorized tape punching 
unit of the new Potter & Johnston Tape Control System. 
The tape punch is used to program machine functions on 
P & J Automatic Turret Lathes. The counter automatically 
controls the amount of tape feed required for each turret 
face involved, and stops the tape at preselected address 
points. When the correct address point is reached, a com- 
bination of holes representing the machine command is 
punched into the tape. Counter is automatically reset for 
each turret face. 





Servo Repeaters 
Drive Counters 
to Indicate 


Lineal Motion* 











One of the ways to take 
advantage of digital read- 
out for indicating and 
recording information at remote points is through servo 
repeaters. Applications in aircraft, for altimeters, naviga- 
tional displays and similar instrumentation, suggest many 
other opportunities to use counters for more positive indi- 
cation and control. A typical ‘“‘system”’ is shown here where 
a counter is used for indicating nuclear reactor rod posi- 
tion. The servo repeater and counter actually form one 
packaged unit, and the 
whole device can be pot- 
ted for environmental pro- 
tection. When used to 
drive counters, the servo 
gear ratio is best selected 
to provide full scale 
travel of the counter 
for one revolution 
of the control 
transformer 

shaft. 


















































Typical servo repeater/counter device ‘\ Output shaft 
that converts synchro data to digital readout. to counter 


Let Veeder-Root help you make Counters do more! 
Extensive design experience and precision production tech- 
niques make it possible for Veeder-Root to help you solve 
a wide variety of digital, readout, control and recording 
problems with counters — from the simplest ratchet to 
advanced readout and navigational devices. Send for in- 
formation on specific applications or contact your local 
Veeder-Root Counting Engineer. 


*Reprinted from CONTROL ENGINEERING June 1959. Copyright© 1959 by McGraw-Hill Pub. Co., 
Inc. Allrights reserved. 


PELE IEEE 


Veeder-Root Readout Device 
This is the basic series of Remote Data Readout 
Counters. Some are available for standard applica- 
tions, or design variations will be submitted based 
on requirements. They function basically as analog 


to digital converters. 
> « 
Series 1538/electrical reset/ 
electrically actuated. Speed ‘ 
1000 cpm, 3 or 5 figure : 
% 


Series 1538/electrically actuated/ : 

manual reset. Speed 

1000 cpm, 3 or 5 figure 
et ee 


Series 1606/mechanically actuated manual 
reset standard; bi-directional 

(non-reset) available. Speed 

5000 cpm, up to 5 figures 


eee. ee 


ey 


HARTFORD 2, CONNECTICUT 


"The Name that Counts’ 


New York * Chicago * Los Angeles * San Francisco * Seattle 
St. Louis * Greenville, S.C. ¢ Altoona, Pa. * Montreal 


Offices and Agents in other principal cities 
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Digital Systems 
by 
Symbolic Logic 


Circuits for counting, computing, comparing, testing, performing arithmetic or 


calculus operatious, or operating as flip-flops, pulse pattern generators, etec., can 
be quickly designed by use of symbolic logic, Boolean algebra, and logic charts. 


ROBERT BROOKS, Computer Control Co., Inc. 


rene CHARTS offer a simple, quick way to 
visualize and note logic statements and circuits, 
to compare them for equivalence or contradiction, and 
to implement them by use of available circuitry. Fig. 1 
shows a 2-variable chart for several basic logic asser- 
tions. In the two-variable chart the possible conditions 
of input A (0 or 1) are shown at the left of the box; the 
possible conditions of B are listed at the top. The boxes 
are numbered 1, 2, 3 and 4 for identification. The con- 
dition A = 0 holds for boxes 1 and 2; the condition 
A = 1 holds for boxes 3 and 4. The four possible con- 
ditions of A and B are represented by the four squares. 

Shading in a box means that the condition exists. 
Thus the assertion A (the statement A exists) is indi- 
cated by shading in boxes 3 and 4. Both boxes are 
shaded because the condition of B has no bearing on 
the simple assertion A. The logic charts shown in Fig. 
1 repeat the statements made beneath them. 

A three-variable logic chart is shown in Fig. 2. All com- 
binations of any three bistable variables can be repre- 
sented by the eight squares. This sequence of charts 
builds up the expression (A*B) v C in the following 
manner: First shade in appropriate squares to express 
cach element on separate charts (such as done in Fig. 
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2) for A, B, and C. When the input statements are 


joined by an and, shade in only those squares that were 


shaded on both input charts. This is shown for the 
A*B chart. Represent an or statement by shading in all 
squares that were shaded on the individual charts. 
The final chart shows AB v C. 


Implementing the Logic Chart 

Each square on the logic chart represents an output 
for the given inputs. For example, square 1 in Fig. 1 
represents A*B; square 2 represents A*B; square 3 repre- 
sents A*B; square 4 represents A*B. These 4 actions can 
be implemented by the four and gates and 1 buffer 
(Fig. 3). Thus Fig. 3 represents the implementation of 
a 2-variable logic chart. For example, B is realized 
simply by selecting gates 1 and 3. 

The logic chart can be used for circuit design. Each 
square on the chart can be implemented by one and 
gate, as shown in Fig. 3. Each gate represents one 
square on the logic chart. Hence, the logic represented 
by a logic chart can be implemented simply by select- 
ing the corresponding gate or gates. 

















0 1 2 
FIG. 1. TWO-VARIABLE ,| 3] 4 


logic chart expresses all 
possible logical conditions 
of the bistable variables A 
and B via shaded areas. 
Shown are conditions A 
(A exists); B (B exists); A (A 
does not exist) ; 8 (B does not 
exist); A*B (A and B exist); 
A v B (A or B exists); AeB 
(not A and not B exist). 









































2-variable 
logic chart 















































(A: B) (A vB) 


shaded = true unshaded = false 
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FIG. 2. THREE-VARIABLE 
logic chart. As there are 8 7 
possible combinations of 3 
bistable variables, chart has 3-variable 
eight squares to represent logic chart 
all possible combinations. 














































































































Note that the falsity of a statement can be repre- 
sented simply by implementing the unshaded areas of 
the logic chart. Thus any one problem can be solved 
either by implementing the shaded areas by selecting 


a2 £3. A cB Ae 
the proper gates, or by implementing the unshaded 
areas and inverting the output. Hence the gates can be 
used to represent either the shaded or the unshaded 
squares of the chart—and an inverter can be used at 
the output to invert the signal to give an indication of 
either the truth or the falsity of the given logic. | ; 





Note that four two-input gates can implement a 2- 
variable logic chart. Similarly, eight 3-input gates can 


implement all the logic on a 3-variable logic chart. Cc 

Fig. 4 shows how the logic developed in Fig. 2 is satis- 

fied by use of five of these gates. FIG. 3. FOUR and GATES permit the solution 
of all logical possibilities in a 2-variable logic 
chart. Each gate represents one square of the 
4-square logic chart. 


As there are only 8 squares in a logic chart involving 
3 variables, and as either the shaded or unshaded 
squares can be used to implement the logic, four is the 
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FIG. 4. EIGHT and GATES can implement a 3-variable logic chart. 
Selecting gates 2, 3, 4, 6, and 8 satisfies the logic developed in Fig. 2. 


maximum number of gates required for any 3-variable 
logic. For example, in Fig. 4, the logic could have been 
solved by use of gates 1, 5 and 7, and then inverting the 
output. For this reason, a 4-gate package can replace 
the 8-gate system of Fig. 4, and can represent all 
3-variable functions. In fact, many 3-variable func- 
tions can be represented by using three or fewer gates. 


Four-Variable Functions 


The logic chart for a four-variable function is shown in 
Fig. 5. On this chart all possible functions of four vari- 
ables can be defined. There are 65,536 logic combina- 
tions. To implement, each square of this chart would 
require one 4-leg gate. Implementing all squares sep- 
arately would thus require sixteen such gates (or eight 
by using the inversion technique described). However, 
it is possible to lessen the number of gates required by 
representing blocks of adjacent squares with a single 
gate. In defining such blocks, the first and last columns 
of the chart and the top and bottom rows can be 
considered adjacent. 

If shaded or unshaded squares are grouped together 
they can be implemented as follows: (A) Eight adja- 
cent squares forming a 2 x 4 rectangle can be rep- 
resented by a 1-leg gate because the logic statement 
will contain only one term. For example, the 8-square 
area in Fig. 6 is simply C. (B) Four adjacent squares 
forming either a 2x2 or a 4x1 rectangle can be 
represented by a 2-leg gate because the statement will 
contain only two terms, as shown in Fig. 6. (C) Two 
adjacent squares sharing the same row or column can 
be represented by a 3-leg gate because the fourth 
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has 16*possible combinations of inputs. 


variable will not appear in the statement, as shown. 
(D) Remaining single squares require a 4-leg gate for 
representation because the statement will contain all 
four terms. 


implementation with Gating Packages 


It has been mentioned that only four gates are required 
to implement any statement involving 3-variable logic. 
Fig. 7 shows a gating package comprising four and 
gates, one or gate buffer, a delay unit, and an inverter, 
This package is designed to operate on pulses having a 
1-megacycle repetition rate—that is, one operation is 
performed every microsecond. The result is carried 
over to the next pulse period. This basic package can 
be used to implement many electronic and computing 
functions, such as serial addition, parallel addition. 
serial addition-subtraction, multiplication, division, 
calculus operations, development of flip-flop operation, 
binary flip-flop operation, forward-backward count- 
ing, binary counting, pulse pattern generations, etc., 
as will be described in this and following discussions. 


Flip-Flop 

The flip-flop is a familiar bistable element. The simplest 
form of a flip-flop is one that is turned ON by applying 
a pulse S (set pulse) and turned OFF by applying a 
pulse R (reset pulse); i.e., once the flip-flop has been 
turned on by the set pulse, it should remain on (true) 
until it is turned off by the reset pulse. Conversely, it 
should remain off (false) until it is turned on again 
by a set pulse. 

If symbolic logic is employed, the expression for this 


FIG. 6. GROUPS OF 
ADJACENT squares can 
be considered as simple 
gates—an eight-square 
group by a 1-leg gate, 
four squares by a 2-leg 
gate, and 2 squares by a 
3-leg gate. 



































FIG. 5. FOUR-VARIABLE logic chart 
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FIG. 7. GATING PACKAGE (T-PAC) includes four 
4-leg and gates, 1 or gate, an inverter (amplifier) and 
delay units. Clock pulses tell gate when to examine and 
respond to input signals. Inhibit signal is used to control 
entire unit. Logic signal cannot reach output if inhibit 
signal is not present. 


device is S v (R*F), where S is the set pulse, F is the 
plus output of the flip-flop, R is the reset, and R is used 
to mean “‘no reset pulse.”’ Hence, the logic statement 
F = Sv (R*F) says that this device shall have a true 
output after it receives a set pulse and shall continue to 
have a true output until a reset pulse is received. If the 
statement is examined, it can be seen that the S pulse 
creates the true pulse F and that the term (R*F) main- 
tains this true state. Whenever an R pulse is received, 
the latter term becomes false, causing the entire state- 
ment to be false, hence turning off the device. Thus, a 
flip-flop has been created. The flip-flop connections 
used on a T-PAC are shown in Fig. 8. 


Binary Flip Flop 
A binary flip-flop is a stable device that changes state 
each time an input pulse B is applied. The symbolic 
logic statement for this is F’ = (BF) v (B*F). The sym- 
bol F’, read ‘“‘F delayed one pulse period,” distin- 














F £ 


FIG. 9. SYMBOLIC expression for a binary flip-flop is 
F’ = (BF) v (8*F). This simple circuit satisfies the logic. 


wus ul lal 


goa 
FIG. 8. FLIP-FLOP results from implementing S v (R*F). 
The logic statement simply says that the device operate 
(have an output) either (1) when a set pulse is applied 
or (2) when operating (F exists) without a reset pulse. 
These two conditions define a flip-flop. 








guishes the output of a T-PAC from its inputs, which 
occur one microsecond earlier. The characteristic of a 
binary flip-flop is that if it is off (F’ false and F’ true), 
a pulse B will turn it on (make F’ true). The flip-flop 
will remain on (B*F true) until another pulse B is re- 
ceived. Conversely, if the device is on (F’ true and F’ 
false), a pulse B will turn it off until another pulse B is 
received. Fig. 9 shows the simple implementation of 
this logic. 


Set-Reset and Binary Flip-Flop 


An extension of the flip-flop and binary flip-flop is a 
bistable device that is turned on by a set pulse, turned 
off by a reset pulse, and has its state changed by the 
application of the B pulse. The symbolic logic state- 
ment for this is: 
F = So (B*F) v (B*R*F) 
The appropriate connections are shown in Fig. 10. 
To be Continued 














F F 


FIG. 10. LOGIC OF oa set-reset binary flip-flop is 
F = S v (BrP) v (B*RF). 
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PDM /FM Standards 


Pus DURATION MODULATION (PDM) 
systems are intended for use where a strictly 
time-division multiplex system can meet the bulk of 
the telemetry requirements of a given application. 
They have sometimes been called pulse-width modula- 
tion (PWM). A relatively large number of informa- 
tion channels can be accommodated, but at a relative- 
ly low frequency-response capability in comparison 
with the subcarrier channels of the FM/FM system. 
Although the specifications to be given are based on 
previous experience with mechanical commutators, 
nothing in this standard is intended to prevent the 
use of electronic commutation methods. 


Pulse Duration Modulation Specifications 


The following are the specifications for the pulse 
duration modulated signal: 


Number of samples per frame** 30 45 60 
Frame rate (frames/sec.) 30 20 15 
Commutation rate (samples/sec.)*** 900 900 900 


The information being transmitted in each channel 
shall determine the duration of the corresponding 
pulses. The relation between information magnitude 
and pulse duration should, in general, be linear. 


Minimum pulse duration (zero level information) —90 +30 micro- 
seconds 

Maximum pulse duration (maximum level information) —700 +50 
microseconds 

Pulse rise and decay time (measured between 10% and 90% 
levels) —10 to 20 microseconds (constant to +3 microseconds 
for a qiven transmitting set) 


The time interval between the leading edges of suc- 
cessive pulses within a frame shall be uniform from 
interval to interval and shall be constant within plus 


*Abstracted from IRIG Document 103-56 


**The number of samples per frame available to carry in- 
formation is two less than the number indicated because the 
equivalent of two samples is used in generating the frame 
synchronizing pulse. 


***Commutation rate is equal to the frame rate multiplied 
by the number of samples per frame. 
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or minus 25 microseconds. This time interval shall 
have a nominal period equal to one divided by the 
total sampling rate. 

The commutator speed (or frame rate) shall not 
vary more than plus 5% to minus 15% from nominal. 

Frame synchronization of the receiving station shall 
be provided for by leaving a longer than normal time 
gap in the train of pulses transmitted. This gap shall 
be the same as that normally occupied by two succes- 
sive data channel pulses. A representation of the pulse 
train waveform is shown in the illustration. 


Radio-Frequency-Carrier Specifications 


The following are the specifications for the radio- 
frequency carrier and its modulation: 

Radio Frequency: 216 to 235 megacycles/sec. The 
specific frequency assignment in this band shall be 
obtained by negotiation with the pertinent test range. 
Because up to approximately 0.2 megacycle/sec band- 
width may be occupied by a PDM/FM telemetry 
signal, appropriate spacing between adjacent r-f chan- 
nels must be provided. The extent of the guard bands 
required will be determined by the operating condi- 
tions existing at the individual test ranges. 


Stability: The r-f carrier frequency shall be stable 
to within 0.01%. 

Type of R-F Modulation: Frequency modulation. 

R-F Deviation: +:25 to +45 kilocycles/sec. 

Power: 100 watts maximum, depending on distance 


and propagation problems; no more should be used 
than that necessary to achieve reliable transmission. 


Spurious Signal Radiation: The radiated power of 
harmonics and all other spurious signals shall be 60 
db or greater below the power level of the funda- 
mental. 


Polarization: If a circularly polarized transmitting 
antenna is used on a missile or aircraft, the signal 
transmitted to the rear, or downward, shall be right 
hand polarized (by LR.E. definition). Any use of 
circularly polarized transmitting antennas should be 
coordinated in advance with the test range involved in 
order to insure compatibility with receiving antennas. 





GEAR AND BEARING assembly on granite surface plate 


being checked for temperature stabilization. 


OPTICAL STANDARDS and Metrology laboratory fea- 


tures controlled environment. 


METROLOGY LABORATORY 


GLENN W. MALME 


Western Gear Corporation 


Tu WESTERN GEAR Optical Standards and 
Metrology Laboratory is located in the Quality 
Control building at Lynwood. This slightly pressur- 
ized room is entered through an air lock. Temperature 


is controlled at 68°F +1° (the internationally ac- 
cepted calibration and measuring temperature). The 
importance of temperature, when taking accurate meas- 
urements, is often underestimated. For example, if a 
plug gauge is held in the hand for only five seconds, 
the slight extra heat transmitted will expand it a 
measurable amount. The humidity of the room is held 
at a constant value below 60‘. 

Air cleaning is furnished by the new Cambridge 
“aerosolve” filtering system. The lab is furnished with 
3600 cfm of dehumidified air with’ an initial duct 
velocity of 1400 fpm through a constant straight-run 
section. Four 4-way diffusers are equally spaced in 
the length of the room. Five isolated massive con- 
crete bases serve as isolated platforms for optical 
instruments and surface plates. thus isolating build- 
ing movements from measurements. 

Communication is maintained by an intercom sys- 
tem. 

Personnel wear nylon smocks and caps. Gloves are 
worn when any adverse chemical reaction may affect 
a part of a piece of equipment. Shoes are cleaned by 
a mechanical cleaning mat in the air lock. The room 
has a built-in vacuum cleaning system. All material is 
prepackaged or vacuumed before entering the room. 


Each piece of equipment was chosen for a particular 
phase of checking. For instance, optically-ground 
polygons are used for checking angular spacing errors 
of individual gears, gear trains, dividing heads and 
rotary tables. Auto collimators and theodolites also 
are used. Other optical accessories include first-sur- 
face mirrors, spindle mirrors, target telescopes, optical 
height gages. optical squares, interference microscopes, 
optical plates and interferometers. All instruments are 
cataloged and stored in glass cases. 

All equipment is calibrated and verified to nation- 
ally accepted standards on a schedule. Certification 
and calibration records are maintained. 


Metrology Laboratory Equipment 


Quantity Description and Accuracy 








2—T-3 Theodolite (Wild). Accuracy of circle reading 0.2 sec. 

2—Autocollimator (Leitz). 30 minute range reading accuracy 
of 1/10 seconds 

2—Comparison Autocollimator (Davidson D-600). 120 second 
range reading accuracy of I/I0 sec. 

1—Optical Sauare (Leitz). Calibrated to 1/10 sec. 

1—24-Sided Polygon (Hilger and Watts). Calibrated to 1/10 
sec. 

I—5-Sided Polygon (Davidson). Calibrated to 1/10 sec. 

I—3-Ancle Prism (Davidson D-611). Calibrated to 1/10 sec. 

I—90° Optical Square (Davidson D-613). Accurate to 2/10 sec. 

I—Spindle Mirror (Davidson D-622). Flat to 1/4 wavelength 


I—Plane Parallel 90° Adjustable Mirror (Davidson D-616). Ac- 
curacy to 1/10 sec parallel 

I—Microhygrograph (Serdex Type HGS-MHY-1). Accuracy 1% 
full scale 

I—Interference Microscope (Carl Zeiss). Magnification to 600-X 

I—Dividing Head (Carl Zeiss). Reading accuracy 3 sec. 

i—Recording Thermometer. Range 60 to 85° F. 1/5 degree 
accuracy 

I—Mikro-Kator Gauge (Johansson). Accuracy to 0.000002" 


I—Air Gauge (Precisionaire). Accuracy of bore diameters 
0.00001" 


I—I" to 37" Optical Height Gauge (Webber). Accurate to 
0.000025" 


1—Super Height Check (Brown & Sharp). Accurate to 0.000025" 
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MSA Instruments apply all these principles 














Catalytic Combustion Infrared Analysis Depolarization 


INSTRUMENT DIVISION | a | Q)...| 


Mine Safety Appliances Company 1. M-S-A® LIRA® Infrared Analyzer Model 200 2. M-S-A® LIRA® Infrared Analyzer Model 300 3. M-S-A® Inert 


. . Gas Analyzer 4. M-S-A*® Combustible Gos Analyzer 5. M-S-A® Thermatron Analyzer 6. M-S-A® Oxygen 
Pittsbu rg h 8. Pe n nsylvania Indicator 7. M-S-A® Water Vapor Recorder 8. M-S-A® BillionAire* Analyzer 9. M-S-A® Process Refractometer 


*Trademark 





for dependable process stream analysis 


lonization 


| 


Mi 


Refraction: Now MSA packages the 
principle of light refraction for contin- 
uous measurement of organic and in- 
organic liquids. 

The new M-S-A® Process Refractom- 
eter shown below, compares the 
refractive index of a stream with a con- 
stant standard. Controls quality in 
either stream or batch processes. 
Converts to new problems quickly 
and easily. 

MSA has been supplying industry 
with similar “‘brains’”’ for gas analysis 
since 1922. So, we’re not newcomers. 
Our people are competent professionals. 
And so are our instruments. Both are 
extremely articulate when it comes to 
process stream analysis. 

There are many MSA approaches to 
measuring gas concentrations. From the 
simplest to the most sophisticated. 
Most of these approaches stem from 
the principles symbolized above. Write 
us for instrument literature on the new 
M-S-A Process Refractometer or any of 
our other process stream analyzers. 
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Atomic Length Standards 
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FIG. |. ATOMIC-BEAM principle used to produce narrow 
emission lines in research to improve wavelength standards. 
Atoms emerging from the oven emit radiation which is 
viewed at right angles to the direction of motion. In this 
way the broadening due to the movement of atoms toward 
and away from the observer is reduced considerably. 


FIG. 2. IN ATOMIC BEAM, atoms emerge from 
heated mercury cell in oven below box. Titanium ion 
pump (above apparatus) maintains a vacuum of 


10-7 


‘mm Hg in mercury chamber. 
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WO promising approaches for improving length 

standards are under study at the National Bu- 
reau of Standards. These are the atomic beam and 
the Zeeman absorption filter.. Both have proved suc- 
cessful in producing very narrow lines whose wave- 
lengths can be precisely determined. 

Attempts to define the basic unit of length, the 
meter, in terms of an unchanging property of nature 
have been under way for many years. The present 
standard, the distance between two engraved lines on 
a platinum-iridium bar, not only lacks the repro- 
ducibility and availability that a standard as funda- 
mental as length should have, but, being material, it 
can be altered or destroyed. As early as 1892, Michel- 
son attacked this problem by measuring the meter in 
terms of a wavelength of light. The same approach 
forms the basis for the presently proposed interna- 
tional standard, the orange line from krypton-86. 
Sources making use of this isotope can furnish stand- 
ards which should be reproducible to 1 part in LO*— 
a great improvement over the precision obtainable 
with the meter bar. 


Atomic-Beam Devices 

The precision possible with present wavelength 
standards is limited by Doppler broadening of spectral 
lines—an effect due to the random motion of the emit- 
ting atoms toward and away from the observer. K. G. 
Kessler. R. L. Barger. and W. G. Schweitzer, Jr., of 
the Bureau’s length laboratory, and K. W. Meissner 
of Purdue University, have found a successful solu- 
tion to this problem in atomic-beam devices * *. Atom- 
ic-beam techniques, developed many years ago for the 
study of hyperfine structure in atomic spectra, de- 
crease Doppler broadening by selecting atoms travel- 
ing at right angles to the line of sight (Fig. 1). The 
drawback, however, is that the light intensity is low 
because the device must be operated at low densities 
to avoid collisions between atoms and to mainiain a 
collimated beam. 
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COMPRESSED-AIR SURVEY 


O NE thousand readers of INSTRUMENTS Report by C. F. Goldeamp, Manager, Research 
AND CONTROL SYSTEMS were ques- and Development, Instruments Publishing Co. 
tioned about the size, type, and use of air supplies 
in their plants or factories. Detailed answers were 
received from 259, of which 88% reported that Footnote to all tables: As all respondents did not an- 
one major use of their clean compressed air was swer all questions, the total number of answers in each 
in instrumentation. The total number of compres- category is less than 259. 
sors being operated by these respondents total 
approximately 2000. 

Here is the way these compressors are being 
operated, including accessories, operating con- calaieiih Wlican 


ditions, maintenance factors, pressures, dewpoints, Instrument Supervisor 
etc. Instrument Superintendent 
Instrument Foreman 
Instrument Technician 
STUDY DETAILS a wg ny ld tedicated) 
P P ngineer (no field indicate 16 
Questionnaires Mailed Titles common to 4 or fewer respondents 74 
Replies Received 


Percent Return TOTAL 
Number reporting instrumentation as a 
major use of clean compressed air Field of Activity 
Number not reporting instrumentation as Contre! 
a major use of clean compressed air nnd ro 
° : easurement 
Total reporting use of compressed air latenientntion 
Number reporting no use of compressed air Instrument 
Number not answer ing the question Maintenance 
“Do you use compressed air?" Plant 
Utilities 
Industrial Breakdown of Respondents ir” se 
Chemical Industry No field indicated 
Pulp and Paper 
Petroleum TOTAL 
Design and Construction Companies 
Plastics 
Petrochemical 
Food Products 
Pharmaceuticals 
Nylon and Rayon 
Public Utility 
Steel Manufacture 
Pipe Lines 
Breweries 
Rubber 
Aircraft 
Electronic Equipment 
Building Material and Floor Covering 
Textiles 
Atomic Energy Commission 
Non-metallic Minerals 
Non-ferrous Metals 
Glass Products 
Nuclear Products 
Power Reactor 
Printing 


TOTAL 


Position of Respondents 











Position of Responsibility 


Engineer 

Designer or Draftsman 
Superintendent 
Supervisor 

Foreman 

Lead or Leader 
Mechanic 

Technician 
Miscellaneous 


TOTAL 





Question!. How many compressors are in use in your plant or 
company? 

| to 3 

4tob 

7 to 10 

Il or more 


| cia tipanininlinsnclpdemeaal 


All Answers 224 


Ld 
> 
w 
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Question 2. What is the approximate total compressor output 


in your plant? 


0 to 499 cfm 32 

500 to 999 cfm 20 
1,000 to 1,499 cfm 19 
1,500 to 1,999 cfm 8 
2,000 to 2,499 cfm 13 
2,500 to 2,999 cfm 6 
3,000 to 3,999 cfm 12 
4,000 to 4,999 cfm 12 
5,000 to 5,999 cfm 8 
6,000 to 7,999 cfm 10 
8,000 to 9,999 cfm 8 
10,000 to 14,999 cfm 6 
15,000 to 19,999 cfm 6 
20,000 to 29,999 cfm 4 
30,000 to 39,999 cfm 2 
40,000 to 49,999 cfm 8 
50,000 cfm and over 5 


All Answers 179 


Question 2a. What pressure is system to maintain? 


20 to 29 psi 
30 to 39 psi 
40 to 49 psi 
50 to 59 psi 
60 to 69 psi 
70 to 79 psi 
80 to 89 psi 
90 to 99 psi 
100 psi 
Over 100 psi 


All Answers 


Question 2b. What is the minimum dew point you require for 


your pneumatic equipment? 
Indoors 


40°F and over 

30°F to 39°F 

20°F to 6. 29°F 

10°F to 19°F 

0°F to 9°F 

O°F to — 9°F 
—10°F to —19°F 
—20°F to —29°F 
—30°F to —39°F 
—40°F to —49°F 
—50°F and under 
Environmental 
Below environmental 
1,000 ppm 


All Answers 


Question 2c. Is the system's demand continuous? 


Yes 191 
29 


No 
Yes and No 4 
All Answers 224 


Question 2d. Is the system: Automatic, Semi-automatic, Manual? 


Automatic 

Semi-automatic 

Manual 

Automatic and Semi-automatic 

Automatic and Manual 

Semi-automatic and Manual —_— 
Automatic, Semi-automatic, and Manual 10 


All Answers z18 


Question 2e. Is installation Indoors or Outdoors? 


Indoors 
Outdoors 
Indoors and Outdoors 


All Answers 
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Question 2f. Is Installation Explosion-proof? 


Yes 66 
No 142 


Yes and No 14 


All Answers 222 


Question 3. What Type Compressors are used in your plants? 


Oil-lubricated 

Carbon ring 

Water seal 

Oil and carbon ring 

Oil-lubricated and water seal 

Carbon ring and wate rseal 

Oil-lubricated, carbon ring and 
water seal 


All Applicable Answers 


Question 4. What are your major uses of clean compressed air? 


245 respondents indicated use of air as follows: 


Instrumentation 
Operating machinery 
Paint spray 

Air Tools 

Process Air 

Gaging 

Other 


Question 5. Is a separate compressor and distribution system 


used for instrument air? 
Yes 

No 

Yes and No 

All Answers 


Question 6. What department in your plant is responsible for 


(maintenance) instrument compressors? 


Instrument Department 
Maintenance Department 
Mechanical Department 
Electrical Department 
Other 
Utilities (or Utility) 12, 6% 
Power (or Steam, Boiler 
or Fuel) 38 19% 
Operating or Production 
(or Processing} ae eo 
Miscellaneous 6 -2% 


All Answers 


Question 7a. Approximately how much air is required for in- 


strumentation? 


Sno 


Over 1,000 to under 1,500 cfm 
1,500 cfm 

Over 1,500 to under 2,000 cfm 
2,000 cfm 
Over 2,000 to under 2,500 cfm 
2,500 cfm 

Over 2,500 to under 3,000 cfm 
3,000 to 3,999 cfm 

4,000 to 4,999 cfm 

5,000 to 5,999 cfm 

6,000 cfm and over 


All Answers 


Liceul o | owum— 


ey 
So 


100%, 





Question 7b. What is approximate air pressure required for 
instrumentation? 


0 to 9 psi 
10 to 19 psi 
20 to 29 psi 
30 to 39 psi 
40 to 49 psi 
50 to 59 psi 
60 to 69 psi 
70 to 79 psi 
80 to 89 psi 
90 to 99 psi 
100 psi 
Over 100 psi 


All Answers 


Question 8. Do you decontaminate your air at the: 


Point of use 
Main source 


Both 
All Answers 


Question 9. Is one of the following types of dehumidifiers or 
filters installed in your compressed air system? 


Instrument Plant 


Aftercooler only 

Pipe line filter only 

Aftercooler and pipe line filter 

Aftercooler and desiccant 
dehumidifier 

Aftercooler and water-cooled 
dehydrator 

Electrostatic 

Aftercooler, pipe line filter & 
desiccant 

Other 


All Answers 


62 
8 
196 


Question 10. Do you order filters by: — 


Pipe size 19 
Capacity and Pressures 126 
Both 73 


All Answers 218 


Question 11. To what ambient temperature is system exposed? 


Single Answer Double Answer 
i Low 
140°F and over bay A 


130°F to — 
5% 


—9°F 
— 10°F to—19°F 
— 20°F and under 
Indoor 
Outdoor 
Both 


All Answers 


Beeeeerserys | 3 eet 
=” 


100% 148 100% 


Question 12. Is cooling water available? 
Yes 202 


No 
Yes and No 
All Answers 


Question 13. What are your sources of water supply? 
Temperature (Averages) 
Mini Sate 





Well 65°F 
Cooling tower 88°F 
City water 73°F 
Filtered river or lake 78°F 
Other 74°F 
All Anzwers 75°F 


Question 14. What contaminant in compressed air presents the 
most serious problem in your air system? 

Oil 

Water 

Carbon dust 

Dirt particles 

Rust 


Other 
All Answers 


Question 15. Do you use tubing supports? 
Yes 208 


No 23 
Yes and No 2 


All Answers 233 


Acknowledgement is made of the assistance of Paul 
Hankison, President of Hankison Corporation and J. L. 
Zimmerman, Research Engineer, Nash Engineering 
Co., in the preparation and analysis of the survey. 





PUBLISHER'S MESSAGE TO MANUFAC- 
TURERS OF PNEUMATIC EQUIPMENT: 


, See all industry, wherever pneu- 
matic instruments and control devices are 
used, clean dry air is essential. Here, the en- 
gineer in charge of instrumentation has sig- 
nificant influence in the selection of pertinent 
products and materials, such as: 


Plastic Tubing | 
Tube Benders ~ 
Tube Fittings 
Tubing Markers 
Tubing Racks 
Tubing Supports . 
Tubing Troughs 


Aftercoolers 

Air Cleaners 

Air Compressors 
Air Dryers 
Aluminum Tubing 
Bundled Tubing 
Copper Tubing 
Pipe Line Filters 


a, all industry, /nstruments & 
Control Systems enjoys the largest circulation 
among instrument and control engineers. 


x influence these buyers toward your 
products, advertise regularly in /nstruments 
& Control Systems. 
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NEW FROM 
BRISTOL 


PRECISION 
-RVO TRANSDUC 


CONVERTS MEASUREMENTS SHAFT POSITION FOR 
LIKE THESE: INTO OPERATING: 


Pressur 


ite pressure or vacuun Synchro Res 


Transmitting slidewire: 


Differential pressure Alarm swit¢ 
Liquid leve Analog-t 
area Uetacel 
Limit swit 
Deviation 
et e 


A precision feedback 
package... easy to 
use as a regular instrument 


It’s the new Bristol Dyna-Servo | : - New Bristol Dyna-Servo Transducer 


Transducer, a high-torque, electronic cae ene cae re eee 
packaging as regular instruments, adds 


servo unit that converts position I new flexibility to instrument 
or measurements into precision shaft esaees system design. 
angle...uses same highly accurate, 

service-proved electronic system as famous 

Bristol Dynamaster* potentiometer and 

bridge instruments... works with high-precision 

Bristol measuring elements, long known for accuracy, 

sensitivity, stability. Write for complete technical data 

on this new Bristol contribution to instrumentation flexibility. 

The Bristol Company, 113 Bristol Road, Waterbury 20, Conn. 


*7T.M. Reg. U.S. Pat.Of. 9.27 


bad a4 j = y oO LL. .for improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
CIRCLE 65 ON READER-SERVICE CARD 
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HOKE REPORTS ON FLUID CONTROL 


Qp iow tiest' 





HOKE’S NEW PLASTIC STEM TIPS 
END CHRONIC FAILURE PROBLEM 


A VALVE NAMED 
“DESIRE” 


With apologies to Tennessee Wil- 
liams, we really have produced a 
Solenoid Valve line based on your 
desires. We surveyed all the solenoid 
valve users we could find to deter- 
mine what you wanted. The result is 
Hoke’s “User Designed” Series 90 
and 95, two-way and three-way, di- 
rect-acting solenoid valve line. 
Thanks to you, we have much to 
brag about. Here’s what we have 
been saying about these new valves: 
lightest weight — smallest size — no- 
hum operation — lowest temperature 
rise — lowest power consumption — 
stainless steel plunger — silver AC 
shading coils—easiest installation — 
packless construction — 360° rotata- 
ble housing—operates in any position. 
We make them 
of forged brass or 
stainless steel, in 
yy” and 4” NPT 
size or JIC tube 
ends. There’s a 
variety of 
AC and DC 
voltages. Class 
“A” coils are 
standard, but 
Class ““H” are also 
available for tem- 
peratures above 
212°F. For those 
with high insurance rates, we can 
supply explosion proof coil housings. 
Now that we’ve bragged a bit, we 
must also apologize for our prema- 
ture enthusiasm. We were so excited 
about this product that we stirred up 
a hornet’s nest of interest before we 
were ready to deliver in quantity. 
Shipments were slow at the start, but 
now we can have any reasonable 
quantity of these “desirable” sole- 
noid valves “on-stream” in your 
plant when you want them. 
There’s only one way to get con- 
clusive performance proof — buy a 
valve. Ask for Bulletin SV-1159. 


What Goes With What? 


This is a question engi- 
neers and chemists are con- 
stantly asking each other. 
Not that we want to do 
away with this healthy in- 
terplay at the water cooler, 
but we have put together a 
slide rule that answers all 
these questions. It lists 22 
metals and materials and , 
their degree of resistance to 
247 corrosive agents. 


Got yours? Write now 


while there are a few (thou- Raw 


sand) left. 





Galling and scoring valve seats 
plagued valve users and manufactur- 
ers for years, until somebody thought 
of using plastic stem points. This 
idea worked well at low pressures, 
but when the pressure increased — 
poof! — the valve blew its tip. Up to 
now, this problem had continued to 
bother valve makers. 

Fortunately, a die-hard Hoke en- 
gineer insisted he could put a per- 
manent plastic tip on a high pressure 
valve. We gave him his head and he 
gave us a plastic-tipped valve-stem 
(using either Kel-F or Nylon). His 
unique design incorporates a crimped 
metal shell that grabs the plastic tip 
and really holds! 

Not satisfied with this monumen- 
tal accomplishment, he proceeded to 
tackle leak problems at the stem 
packing. He put an O-ring seal on 
the stem and compressed it with a 
newly-designed Nylon collar. The 
collar serves a dual role, for it also 
prevents grit and other foreign mat- 
ter from chewing up the O-ring. 
Valves of this new design have per- 
formed successfully up to 3500 psi: 
Our die-hard engineer not only 


Hoke “TECH-SPEC” 





ended galling, but also seat leakage, 
stem leakage and wear problems — all 
at one swoop. 

There’s only one feature about this 
new development that worries us—since 
we do not expect replacements we may 
have designed ourselves right out of the 
valve business! We make these little 
dandies of either forged bzass, bar stock 
or 316 Stainless, with 4%” and 4” male 
connections. Temperature limit is 400° F 
For the complete story, write, wire, 
phone or we'll come see you. 





LLL 


BALL TYPE PISTON TYPE 


570 SERIES 
CHECK VALVES 


Designed for gas or liquid service at 
pressures to 5000 psi. Ball and piston 
types for extremely effective leak-tight 
closure, coupled with mini flow re- 
sistance. Ball types in %” and %” 
sizes; piston types in ¥%” and 14” sizes. 
Temperature limits, —40 to 200°F. Body 
materials are Brass or 303SS. End con- 
struction is interchangeable with any 
combination of inlet and outlet connec- 
tions. O-ring seals are available. 











FEE Se A Se eS ND: ee a eee 


HOKE, INCORPORATED 


2 Plastic Stem Tips 


31 Piermont Road, Cresskill, N. J. 
Send me complete information on the Hoke products checked below: 


TITLE 





0 Solenoid Vaives NAME 


(1 570 Series Check 
Valves 


ADDRESS. 


COMPANY ___ 








() FREE Corrosion Slide 
Rule 





CD Have a salesman call | CITY 


CIRCLE 66 ON READER-SERVICE CARD 
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DYNAMIC 


RICHARD H. CERNI 


Small Aircraft Engine Dept. 
General Electric 


FIG. |. PHOTOGRAPHIC AND DIRECT-WRITING recording equipment 


mounted for portability. 


| Dae MEASUREMENTS in aircraft gas-tur- 
bine development include recording of temper- 
ature, pressure, flow, speed, vibration, displacement. 
torque, position, voltage and current. 

Direct-writing, photographic, and magnetic-tape re- 
cording is used, depending on the frequencies of in- 
terest. Fig. 1 and 2 show the recording systems. Fig. 3 
shows a function-plotting system, essentially an x-y 
recorder for plotting temperature, pressure or flow 
angle against probe position across a flow passage. 
The response of this system is about 1 second. 

Figs. 4, 5, and 6 show the accessories used with each 
type of recording, for each type of transducer. 


Temperature 


The most common dynamic temperature measure- 
ment is of exhaust gas, although turbine temperature 
also is measured often. 

Copper-Constantan thermocouples are used for tem- 
peratures in the 0-600 F range and Chromel-Alumel 
thermocouples for the 0-2000 F range. All normal en- 
gine temperatures can be measured. Slow changes (up 
to 2 or 3 cps) in temperature can be measured, but 
rapid changes cannot with most high-temperature 
types of thermocouples. Over-all accuracy of dynamic 
temperature measurement is within +3% of full scale, 
including error caused by thermocouple non-linearity. 
Resistance thermometer sensors are not used. 

Figs. 3, 4 and 5 show the recommended systems for 
temperature measurement. Calibration is provided by 
an external semi-precision potentiometer, which pro- 
vides simulated thermocouple voltages for given full- 
scale temperature settings. 

Due to the low-level d-c signal generated by a 
thermocouple, and the subsequent high amplification, 
a-c pickup can cause hash to appear in the trace. 
Ideally, balanced input amplifiers with high common- 


Page 420—Instruments & Control Systems—Vol. 33 


mode rejection should be used. Filter networks or 
narrow-band preamps also relieve much of this trouble. 

The reference junction may be in an ice bath or a 
closely controlled oven. If error due to temperature 
change at the reference junction is small, as it often is 
in high-temperature work, the reference junction is 
not required. 


Pressure 


Pressure is one of the easiest dynamic measurements 
to make because equipment for this has been so highly 
developed. Transducers available produce electrical 
output signals and are adapted for high-speed meas- 
urement. Pressures can be measured either single-ended 
or differentially by selection of the proper transducer. 
In engine work the range of measurement varies from 
0-1 to 0-1,000 psi, and differentials from +1 to +50 
psi. Average over-all expected accuracy is approxi- 
mately 1%. 

Calibration is not performed by means of external 
pressures but by electrical test signals (part of each 
of the input systems). In magnetic tape systems, all 
calibration is automatic; in oscillographic work, cali- 
bration is performed manually by means of internal 
simulated transducer output circuits. 

The transducer should not be sensitive to vibration 
(with some larger units, vibration signals exceed the 
output due to the pressure fluctuations). Proper mount- 
ing reduces effects of vibration, both in location and 
mounting axis. 


Flow 


Flow measurement is accomplished best by turbine- 
type flow sensors which produce a signal whose fre- 
quency is directly proportional to volumetric flow. 
This frequency signal is then converted into a d-c 
analog voltage, which is recorded. 








RECORDING INSTRUMENTATION Gos) 


RECORDING FOR ENGINE TEST — 


The instrumentation used in gas-turbine engine tests includes pickups, direct-writing record- 
ers and accessories, photographic recorders and accessories, and tape recorders and accesso- 
ries. Recommended systems for each variable and each recording technique are presented. 


If the frequency output from the flow sensor is too 
low, then the d-c recording will have considerable rip- 
ple and interference. To prevent this, a flow sensor 
must be selected which produces at least 200 cps at 
minimum flow. Special flow sensors have been de- 
signed which have ranges of approximately 200-2,000 
cps for each measurement range. The response of the 
higher-frequency units is in the order of 20-30 flow 
variations per second. This has been found sufficient 
and corresponds to a rise time of 25 milliseconds. 
Over-all accuracy is about 2 to 3%. 

Where flow of 200 pph (pounds per hour) or less 


must be measured, preamplifiers are used to provide a FIG. 2 nomtiias MAGNETIC-TAPE recorder 
voltage signal sufficient for the operation of the fre- system hee V4-chendel cameaihe wlll’ Manmaeine 
quency meters. This must be 0.2 volt or more. Cali- akan nee 


bration is performed by the insertion of fixed known 
frequencies that correspond to particular flow rates. 
Some equipment has built-in tuning forks for this 
purpose. 

Co-axial cabling is used throughout the input sys- 
tem. If ripple or hash is still present, a complete check 
of the ground system must be made. 


Speed 
Speed measurement is made by high-frequency sig- te ng eae 


nals, as with flow. These signals, sufficient for the re- TING system is 
cording of good transients, are produced by modified x-y recorder. 
engine tachometer generators which give approxi- 
mately 2,000 cps output at full speed. 
Another method of producing a_ high-frequency 
output proportional to speed is inserting a pickup 
adapter between the tachometer and engine pad. Also. 
a pulse pickup can be mounted near a suitable gear in 
the engine. One pulse, or cycle, is produced each time 
a gear tooth passes the pickup. The rise time, or re- 
sponse, is the same as for flow, although the inertia of 
rotors prevents speed changes much faster than a 
few cps. , 
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When using magnetic pickups, the proper clearance 
between the pickup and the gear is important. Usually 
the pickup mounting is only 4% turn (0.005”) from 
contact with the gear teeth. As in flow measurement, 
coaxial cable is used in all speed circuits. With mag- 
netic-tape recorders a clipping circuit is used to pre- 
vent signal saturation of the amplifier input as it 
builds up in amplitude with engine speed. Conversion 
from pulses to analog voltage for tape recording is 
performed at the tape playback. Calibration is per- 
formed at the tape playback. Calibration is performed 
by means of fixed, known frequencies, internal or ex- 
ternal to equipment. Preamplifiers usually are not re- 
quired. 


Vibration and Displacement 


Vibration and displacement measurement can be 
recorded best by linking self-generating velocity pick- 
ups to suitable integrating and matching networks and 
high-speed recorders. Direct-writing recorders are suf- 
ficient for displacement because displacement level 
changes slowly. Photographic oscillographs are used 
for velocity measurement. The magnetic-tape recorder 
can be used to record velocity, with integration (for 
displacement) or spectrum analysis performed during 
tape playback. Velocity pickups are recommended be- 
cause of their small size, ease of mounting, and self- 
generating characteristics. 

The signal frequency range for small aircraft en- 
gine testing is from 100 to 400 cps. Accuracy of vi- 
bration displacement work is in the order of 3-5% 
with photographic oscillographs. The displacement in- 
dication meters used in test cells have corresponding 
accuracy limits for simple displacement, but error may 
reach 20% when the vibration becomes complex. Here, 
the photographic oscillograph or magnetic-tape re- 
corder provides the only accurate measurement for an- 
alysis. 

Calibration is performed by substituting known 
frequencies and voltages to simulate specific vibra- 
tion conditions. The velocity signal is integrated to 
provide displacement reading at the pickup location 
and orientation. The recording represents a plot of 
instantaneous motion for each pickup, and when re- 
ferred to speed is one of the few ways to analyze vibra- 
tion in time history. When the pickups are used in 
high-temperature locations, such as turbine and ex- 
haust areas, special forced-air-cooled jackets are re- 
quired. 


Torque and Thrust 


Torque always has been a difficult dynamic measure- 
ment to make in high-speed rotating machinery. A 
hydraulic load-cell system, including a large dial indi- 
cator, is used in each test cell to indicate either thrust 
or torque. A pressure transducer connected in this 
system provides a dynamic signal for recording. The 
pressure measured is proportional to the torque or 
thrust. This system is adequate for dynamic thrust 
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FIG. 4. ACCESSORIES for direct-writing oscillo- 
graphy. 

















measurement, but it is not suitable in torque measure- 
ment because it includes the reaction of the dyna- 
mometer. 

A variable-permeance torque transducer placed be- 
tween the engine and the dynamometer will give a 
satisfactory dynamic torque reading without contact- 
ing parts. However, this installation requires consid- 
erable investment and requires critical mechanical 
adaptation. An independent thrust measurement also 
can be made by the use of a strain-gage shaft with 
slip-ring output. Transient accuracies are in the order 
of 2-3%. 

Calibration is accomplished by applying weights 
to simulate the force loads. In independent torque and 
thrust transducers, the calibration can be part of the 
measurement system and no external work is required. 

Torque may have pulsations under vibration which 
can be reflected in the pick-up devices; this requires 
filters to smooth out the resulting hash. As filters cause 
the system to have a slower rise time or become slug- 
gish, a compromise is required in each case and the 
filters adjusted accordingly. 


Position 


The ease of mounting, exciting and calibrating a 
potentiometer (voltage-dividing resistor) plus low 
cost, makes it first choice to measure position. With 
proper installation virtually every type of motion 
found in engine work can be measured by use of a 
“pot.” 

The serious limitation of a potentiometer system, 
however, is its inability to withstand rapid motions or 
high vibrations without excessive wear. When such 
conditions are present, either rotary or linear differ- 
ential-transformers are used for position indication 
because they have no contacting parts. Accuracy of 
position measurement is within +2% for most pur- 
poses. 

When used with proper matching networks, differ- 
ential transformers are connected in the same manner 
as pressure transducers. Occasionally the position of 
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6. ACCESSORIES for tape recording. A direct-writing 


FIG. 5. ACCESSORIES for photographic monitor (not shown) usually is used at output of the automatic 


oscillography. 


a synchro transmitter (usually mounted on the engine 
for indication requirements) is recorded. In such in- 
stances a synchro repeater receiver is connected be- 
tween the transmitter and the recording system. 

Potentiometer systems are calibrated either by phys- 
ical displacement or by substituting known calibration 
voltages to simulate given motions. Potentiometers 
must be selected carefully in order to avoid intermit- 
tent signals due to vibration or dirt on the contacting 
surfaces. 

If an external battery is used for excitation, drift 
checks must be made often. For this reason elec- 
tronic power supplies are preferred. In many cases the 
required voltage can be tapped from the input ampli- 
fier power supply by proper modifications. 


Voltage 

Fairly high voltages and currents often exist in 
test-cell work. It is imperative that inputs to measuring 
equipment do not produce momentary short circuits, 
especially during insertion or removal of input con- 
nectors. 

Voltage is determined easily with dynamic measur- 
ing equipment. In most cases it is necessary to use a 
voltage-divider circuit to reduce the input voltage to 
an acceptable limit. In current measurements, a shunt 
is used which provides a voltage drop proportional to 
current. This voltage is usually low (in the order of 
50 mv) and amplifiers must be used. The response is 
limited only by the recording system. Accuracy like- 
wise depends on the recording system and is 2-3%, 
excluding divider or shunt error (1%). Starter voltage 
and current characteristics are measured often. 


Current 


In measurement of current it is necessary that the 
shunt be inserted in series with the grounded side of 
the line so that one point will be grounded or close 
to ground. Precaution must be taken if the input meas- 
urement circuit is required to operate ungrounded. In 


calibrator. 


such situations it is possible to cause amplifier over- 
load-distortion if the ratio of the voltage above ground 
to the voltage change being measured exceeds the com- 
mon mode rejection of the amplifier, often as low as 
20:1. 

Calibration is performed simply by inserting accu- 
rately known voltages from sources either external to 
or built into the equipment for that purpose. 


Oscillograph Circuitry 


The light-beam galvanometer is essentially a cur- 
rent-measuring device. The recent development of 
high-performance galvanometers has approximately 
doubled former frequency ranges for direct recording, 
and opened a completely new field of low-output strain- 
gage applications. 

Strain gages: One of the most common uses of the 
galvanometer is with resistance-type strain gages. Ei- 
ther two- or four-arm bridge circuits can be used. 
Where the bridge resistance equals required damping, 
no external damping resistors are required. 

Potentiometers: Potentiometer outputs lend them- 
selves to galvanometer recording requiring only the 
simplest of matching networks. Direct connection of 
the potentiometer to the galvanometer is possible. The 
matching network need include only sensitivity and 
damping resistors to provide optimum performance 
regardless of the potentiometer setting. Amplifiers may 
not be needed. 

Thermocouples: The measuring and monitoring of 
temperature through the use of thermocouples is a 
simple yet highly accurate application of the gal- 
vanometer. Either series- or shunt-type damping re- 
sistors are employed, depending on the specific circuit 
requirements. 

Amplification: Higher-frequency galvanometer in- 
formation generally requires the use of amplification. 
Carrier, linear, and other forms of amplifiers provide 
high-frequency recording information. Typical output 
circuits can be the transformer, cathode-follower and 
phase-sensitive demodulator. 
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Electric Gyro-Integrating 
True Mass Flowmeter 


ACCURATELY MEASURES FLOW OF LIQUIDS, GASES 
AND LIQUEFIED GASES ... DIRECTLY IN POUNDS 


This new General Electric meter provides continuous local or remote 
totalization and registration of gas and liquid flow by weight within 
1 percent accuracy over wide variations in flow rate, density, pres- 
sure, temperature and viscosity. 


PROCESS FLOW MEASUREMENT—Ideal for applications in the petroleum, chem- 
ical, and petro-chemical industries, the new mass flowmeter completely eliminates 
time-consuming orifice calculations and possible costly errors in correcting 
volumetric readings for fluid variables. It does away with the need for recalibra- 
tion when process and flow conditions change, too. And it puts an end to 
supercompressibility problems. 

What’s more, the new flowmeter lets you make complete and accurate material 
balances easily because it operates on a mass measurement principle and gives 
you your answer in pounds. No more measuring liquids in gallons or barrels, 
gases in cubic feet, then making tedious conversions in order to equate the two. 
Measurement of both by weight allows direct comparison. 


LIQUEFIED GAS MEASUREMENT—You can measure the weight of truck and tank 
car loading of your liquefied gas products easier and faster with General 
Electric’s new mass flowmeter than with present volumetric-type meters or 
expensive and cumbersome scale installations. The meter registers the total 
loaded weight directly in pounds. Then, operating from a_ battery-inverter 
power supply, the flowmeter can be used right on your truck when unloading, 
for easy and accurate deliveries. And no precautions are necessary to protect 
the meter from high velocity caused by “flashing.” 

An outgrowth of General Electric research into mass flow measurement, this 
new meter has already been proved on such fluids as natural gas, ethylene, 
Freon, liquid carbon dioxide, naphtha and jet fuel. 

For complete sales and service information, contact your nearby General 
Electric Apparatus Sales Office, or write for bulletin GEA-6925A, Section 
599-02, General Electric Company, Schenectady 5, N. Y. On applications 
in the natural gas industry, con- secon 


tact Black, Sivalls and Bryson, Pa ee INSTRUMENTATION 


Inc., Kansas City, Missouri. ea FOR AUTOMATION ; 
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(DIGITAL INSTRUMENTATION 
YY 


DEL F. KAHAN 


Director of Engineering 
Data Instruments Div. 


Telecomputing Corp. 


This new decommutation system recovers PAM 
and PDM signals accurately and requires no 
operator control. Possibility of human errors 
has been eliminated by reducing the need for 
system adjustment through the use of phase 
lock, chopper-stabilized circuitry and automatic 
frequency, gain, and zero-drift circuits. This is 
a recent addition to the White Sands Missile 
Range data-processing facility. 


FIG. 1. COMPLETE 90-CHANNEL AUTOMATIC de- 


commutation system. 
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Advanced 


ib TIME-MULTIPLEXED telemetry systems (Fig. 
2) data from various transducers are sampled by 
a commutator, essentially a sampling switch. The com- 
mutator output (pulses whose amplitudes or duration 
are proportional to the transducer outputs at the time 
of sampling) is used to modulate the carrier or sub- 
carrier that is transmitted to the ground station. 

The ground-based receiver and discriminator de- 
modulates the transmitted signal and applies the se- 
quence of pulses to the decommutator. As each pulse 
represents a data sample taken at a distinct time, the 
decommutator must (1) reproduce the value of the 
original data signal and (2) separate each pulse so 
that it may be passed to the particular recorder or 
data-processing device handling the particular vari- 
able. The time sequence of the recovered pulses must 
exactly match that of the transmitted pulses. 

Existing equipment relied on the action of each 
pulse in the sequence to establish its own synchroniza- 
tion. That is, as each pulse reached the decommutator 
it was expected to trigger a multivibrator to generate 
a pulse which would act as the time base for all further 
operations on the data pulse by the equipment. Un- 
fortunately, this technique is subject to the various ills 
that can befall a data pulse—degradation of the lead- 
ing edge of the pulse or insufficient amplitude can de- 
lay the multivibrator being triggered. Worse still, the 
multivibrator may fail to be triggered at all. 

Recovery of the data value usually involves an inte- 
gration of a portion of the pulse. Not only were the 
integrators failing to provide the data value to the 
required accuracy, but also they could not be reset to 
zero with sufficient speed to handle rapid pulse rates. 
The result was that values left over from one pulse 
might be super-imposed on the succeeding pulse with 
resulting serious crosstalk. Moreover, there were prob- 
lems of drift in zero value and gain variations. 


Phase-Lock Loop Synchronization 


A phase-lock loop technique solved the problem of 
synchronizing the decommutator with the airborne 
signals. Rather than rely on each input data pulse to 
trigger its own synchronizing pulses in the decommu- 
tator, pulses are generated continuously by a free- 





Decommutation System 


running, voltage-controlled phantastron (Fig. 3). Fre- 
quency of the phantastron is controlled by a voltage 
varied in proportion to the difference in phase be- 
tween the received pulses and the phantastron-gener- 
ated pulses. Any deviation of the phantastron fre- 
quency from that of the airborne commutator results 
in a change of control voltage, bringing the phantas- 
tron back into synchronization with the transmitted 
pulses. This application of the phase-lock technique 
permits superior reconstruction of weak or faulty data 
pulses. The synchronization can be maintained over 
several seconds of complete signal drop out. 


How the Decommutator Works 


Fig. 4 shows the major sub-systems of the decom- 
mutation system and the action of these sub-systems 
on the telemetered signals. The pulse selector received 
the sequence of the pulses and generates a master 
pulse on receipt of the frame synchronizing pulse. 
This master pulse is used to reset the counter to zero. 
Subsequent pulses, generated by the pulse selector in 
synchronization with each received data pulse, ad- 
vance the counter once for each pulse. These generated 
pulses, applied to the counter and patch panel, control 
all time-sensitive operation in the equipment. 

The counter monitors the generated pulses and con- 
trols the sequence of actions within the system. A 
5 x 18 shift register can control up to 90 data pulses 
and can be modified as required to 5 x 6,5 x 9,5 x 
12, or 1 x 18 modes of operation. The counter will not 
reset on false master pulses such as would be caused 
by signal dropout in PDM modulation systems. 

A patch panel permits various combinations of data 
pulses and output translators to be realized. The 
standard units have provisions for connecting any one 
output translator to as many as five data pulses, while 
the one data pulse can be used to drive up to five 
translators simultaneously. 

Data pulses from the pulse selector are applied to 
the master integrator (Fig. 5). Operational-amplifier- 
type integrators integrate a slice of the data pulse 
(Fig. 6) to form a signal with amplitude proportional 
to the data pulse averaged over the interval of the 
slice. Use of this slicing technique results in a more 
accurate reproduction of the data value by eliminating 
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FIG. 4. DECOMMUTATION system PAM or PDM 
data can be reconstructed as sharp PAM signals and 
translated for strip-chart recorders. 


ringing effects and decay at the leading and trailing 
edges of the data pulses, and by averaging out the ef- 
fects of noise on the pulse. The master integrator uses 
three operational-amplifier-type integrators, operating 
sequentially to reduce crosstalk and to provide a su- 
perior response. The first pulse received by the master 
integrator is applied to one of the integrators, the 
second pulse to the second integrator, and the third 
pulse to the third integrator. 

Sequencing of the integrators and timing of the 
slice is controlled by the synchronizing pulse from 
the pulse selector (Fig. 4). Outstanding feature of 
this time control is the variation of the slice width 
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with the sampling frequency used in the airborne 
sampling system. As the number of samples per unit 
time decreases and pulse duration increases, more 
time can be devoted to the integration period. This ad- 
vantageous use of available pulse time is made auto- 
matically by the decommutation system under the 
control of the pulse generated by the pulse selector. 

Where pulse-duration modulation is used, the mas- 
ter integrator first generates a pulse whose amplitude 
is proportional to the duration of the transmitted 
data pulse. The integration process previously de- 
scribed then applies to this amplitude-modulated pulse. 
Conversion from the pulse-amplitude to pulse-duration 
modulation modes is by the actuation of a single 
switch mounted on the master integrator. 

The outputs from the integrators are applied to an 
output amplifier which is connected to the three inte- 
grators by three switches operating sequentially in 
coordination with the status of the integrators. The 
output amplifier feeds the array of translators in par- 
allel (Fig. 4). The particular translator (or transla- 
tors) assigned to receive a particular data pulse is 
gated by the pulse from the pulse selector operating 
through the counter and patch panel. When gated to 
receive the data pulse, the translator (a chopper-stabil- 
ized operational amplifier and a storage capacitor) 
assumes the value of the pulse and retains this value 
until gated to receive the pulse in the next data frame. 
or the next data pulse in the same frame assigned to 
the translator. 

The translator gives an output of plus or minus 15 
volts, and it can deliver 10 milliamperes to a 1500- 
ohm load. The output impedance is less than 1.0 ohm 
from de to 1000 cps. Translators with accuracies of 
0.07% are incorporated. 

Automatic zero level and gain compensation in the 
equipment can readjust zero shifts of +10% with an 
error of less than +0.1%. The automatic gain com- 
pensation can readjust for a +0.1% full scale shift 
with an error of less than +0.1%. 
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sharp 


AMERICAN BI-METAL THERMOMETERS make 


accurate temperature readings sharp and sure at all check points 


American Dial Thermometers 
are also available in mercury, 
vapor pressure, and gas actua- 
tion ... on-the-spot and distant 
reading types ...in sizes, ranges 
and stem lengths to meet your 
most exacting requirements. 


Sensitive 


MAXWELL 


Any way you look at an American Bi-Metal 
Thermometer, you see exact working tempera- 
tures. 


The two-level ‘“‘Maxivision®”’ dial eliminates 
parallax effects. Numerals are on the lower level. 
Graduations are on the outer raised ring dial 
which presents a sheared edge to the tip of the 
pointer and in the same plane. To make read- 
ability even more accurate, the glass and gradu- 
ated dial are closely spaced. 


American Bi-Metal Thermometers are made of 
weather-proof stainless steel. All joints are 


A product of 


welded to solid unity, then polished smooth so 
corrosion won’t build up and destroy the ther- 
mometer’s usefulness. And, you don’t have to 
discard this thermometer even if the glass is 
ever broken. The bayonet lock bezel makes 
replacement easy. 


Learn about the high sustained accuracy and 
long service life built into American Bi-Metal 
Thermometers. Phone your nearby industrial 
supply distributor for help in selecting the right 
type for each temperature check point in your 
plant. Or write for Catalog 100A. 


AMERICAN INDUSTRIAL THERMOMETERS 


MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division + Stratford, Connecticut 
In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
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Either subtraction or pulse-width compensation technique can be 
used to compensate for errors resulting from wow and flutter. 
Effects of each are described. Compensation of a multichannel 
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FIG. 1. FM DEMODULATION CHANNEL converts 
input FM signal into pulses, which trigger a Miller in- 
tegrator. Rep rate of rectangular constant-width pulses 
determines output of low-pass filter, thus converting 
FM input into analog output. No compensation is 
shown here. In pulse-width compensation, the width of 
the pulse (To) is varied by the compensation channel. 


ROBERT L. PESHEL 


Precision Instrument Co. 


recorder requires only addition of one or two special filters. 


WY OW AND FLUTTER normally is measured as 
follows: A signal of constant frequency is re- 
corded on magnetic tape, either with high-frequency 
bias, or without bias and with a strong signal that 
saturates the tape. The reproduced signal is applied 
to a frequency demodulator either directly or through 
an equalized reproduce amplifier. The output of the 
FM demodulator is calibrated to read either peak-to- 
peak or rms noise. This output noise is termed flutter. 
Starting with the assumptions that tape is perfect, 
that the circuitry and discriminator develop zero 
noise, and that tape-to-head contact is always intimate, 
then the noise signal from the discriminator measures 
only variations in the velocity of the tape across the 
record and reproduce heads. However, the speed 
characteristics of present tape-handling mechanisms 
are so good (0.1% RMS in the band from 1 to 300 
cps is a standard specification on a typical instrumenta- 
tion recorder for tape speeds of 714”/sec and above), 
that tape and circuitry noise must be considered. The 
tape is not perfect: the tape contact with the record 
head is not intimate; and the noise of the circuit is 
not zero. Therefore, the word “flutter” will be used 
hereafter to denote only variations in the time base 
of the recovered intelligence, whatever the source. 
It can be shown that an equally serious source of 
noise in an FM system is the amplitude fluctuation of 
the produced carrier signal. Amplitude disturbance 
resulting from tape imperfections, lack of perfect 
head-to-tape contact, and imperfect tape guiding, is 
immediately recognizable in a direct-recording sys- 
tem, and also appears as a second-order effect in an 
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FM system. As reproduced flux is always differentiat- 
ed to obtain the reproduced voltage, all points on the 
recovered waveform are affected by an amplitude dis- 
turbance. 


Electronic Flutter Compensation 


The need for flutter compensation usually is de- 
termined by the improvement obtained in using it. 
In some cases, such as the RDB narrow-band FM sys- 
tem, it may be mandatory. However, in a wide-band 
system compensation can be justified only if the im- 
provement warrants the additional complexity. 

If noise in an FM system is produced by tape- 
velocity variations, the effect is experienced by all 
data tracks of a multi-track tape. Therefore, a con- 
stant-frequency signal can be recorded on one track 
and the velocity variations of the tape measured by 
the frequency changes of this track. This information 
then can be used to compensate for the noise in the 
data tracks. 

Two methods of theoretically compensating for the 
noise produced in an FM data track by the variations 
in tape velocity are (1) subtraction compensation and 
(2) pulse-area-control. The latter is most easily ac- 
complished by control of pulse width. 


Subtraction Compensation of 
an FM Data Channel 
If all noise components detected in the reference 
channel were coherent (identical in the time domain) 
with those in the data channel, the noise output in the 
data channel could be eliminated completely by sub- 
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FIG. 2. COMPARISON OF SUBTRACTION (8) and 
pulse-width compensation (C) when data-channel car- 
rier frequency is 1.4 times nominal-center frequency. 
A is without compensation. Ordinate is noise/signal 


ratio, peak-to-peak. 


traction. This subtraction can be accomplished with 
a minimum of filtering in the reference channel; delay 
distortion introduced is minor and the subtraction 
holds for all frequencies in the data bandwidth. 

The effectiveness of subiraction compensation de- 
pends on the instantaneous relationship between the 
data-channel and reference-channel carrier frequen- 
cies. The net improvement obtained by this method 
must be specified in terms of the error in signal. In 
most subtraction systems a 1% speed variation pro- 
duces 1% error signal. In this case, perfect noise 
cancellation for any carrier-frequency deviation is 
compromised for constant improvement at all noise 
frequencies. 


Pulse-Width Compensation of 
an FM Data Channel 

Pulse-width compensation is identical to subtraction 
up to the reference-channel output. 

With pulse-width compensation, the output of the 
reference channel must be filtered to eliminate the 
reference carrier which would generate cross-modula- 
tion products in the data discriminator so that the 
width of the discriminator-generated data pulses 
(Fig. 1) will vary as a function of instantaneous 
reference-channel output. Because of the time delay in 
the reference filter, noise produced by tape-velocity 
changes at high rates is not eliminated completely. 

Improved cancellation of low-frequency noise, ir- 
respective of the data-to-reference-carrier relationship, 
is obtained only at the expense of degraded compensa- 
tion at higher noise frequencies. 


Comparison of Results Obtained with Sub- 
traction and Pulse-Width Compensation 

In order to determine whether pulse-width or sub- 

traction compensation would be most desirable for 

an FM system, tests were made to compare the two 

systems using identical basic electronics (Fig. 2). 


‘Other tests investigated effect of carrier frequency 


change, putting reference and data signals on same 
and different tracks, effect of discriminator quieting 
characteristics, etc. Because of the large quantity of 
data taken, the tests were confined to a tape speed of 
15 ips. The characteristics of the sytsem chosen were 
then measured at the other standard tape speeds. 
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FIG. 3. BLOCK DIAGRAM of FM system with com- 
pensation. 


The tests made comparing pulse-width and sub- 
traction compensation indicate that at present the elec- 
tronics is capable of correctly measuring the sum 
total of disturbance in the record-reproduce system. 
However, the major amount of wide-band noise that 
exists at the output of the FM system is a result of 
amplitude modulation coupled with the method of 
handling the data. Until this characteristic is im- 
proved (either by improved tape, mechanisms, or a 
different electronic approach to the problem) the out- 
put noise of an FM system will continue to be flutter- 
limited, where flutter must include not only tape 
velocity variations but also all other sources of noise 
that have contributed to the term. 

Because of these basic noise considerations, there 
appears to be little difference between subtraction and 
pulse-width compensation as far as wide-band im- 
provement characteristics are concerned. The pulse- 
width system is more efficient in eliminating low-fre- 
quency components irrespective of the reference-to- 
data-carrier frequency relationship. 


User Considerations 


Fig. 3 is a block diagram of the essential com- 
ponents for an FM recording system with compensa- 
tion. Only one channel is shown. Each additional 
data channel would have the same elements, and would 
receive the output of the reference channel filter. The 
only item peculiar to a compensated system is one or 
two reference output filters (depending on the im- 
provement desired in a multi-track system). 

The FM record-reproduce system described can 
utilize pulse-width electronic compensation, if the 
user desires, simply by changing an output filter. The 
decision has been left to him because only he can 
determine, if properly informed, whether any im- 
provement will be realized. If only low frequencies 
(up to 10% of full data bandwidth) are of interest, 
the signal-to-noise ratio can be improved with com- 
pensation. Little effect is noticed however, when wide- 
band analysis of the data is made. 

In order to approach the maximum potential of an 
FM system, either with or without compensation, the 
sources of incoherent noise must be minimized. This 
implies that (1) the uniformity of the tape character- 
istics be high, (2) the method of handling the tape 
be as accurate as possible. 
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advantages—described in an informative new 
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TIME SCALE EXPANSION OF 


A new magnetic-tape modulator head senses the flux from 
the tape rather than the rate-of-change of flux. As output volt- 
age is independent of tape speed, applications include re- 
duced-speed playback, data-reduction applications, transient 


MARVIN E. ANDERSON 


Armour Research Foundation 


analysis, bandwidth reduction and machine-tool centrol. 


A MAGNETIC MODULATOR PLAYBACK 
HEAD has been developed which senses the re- 
corded flux rather than the rate-of-change of flux. 
Thus recordings can be played back for analysis at any 
speed desired; high-frequency components can be 
played back at slow speed so that the highest recorded 
frequency component can be within the limited band- 
width of a pen recorder. 

Fig. 1 shows the general configuration of one modu- 
lator head design. The recorded tape passes over the 
playback gap in the same manner in which it passed 
over the record-head gap. Signal flux flows through 
the structure and passes through two saturable strips 
at the bottom of the head, as shown. Two excitation 
coils are connected in such a way that the flux flows 
through the saturable elements but not through the 
playback gap, precluding the possibility of erasing the 
recording (Fig. 2). A high-frequency current is ap- 
plied to the excitation windings of the head at a level 
sufficient to magnetically saturate the saturable strip. 
The output windings thus pick up a complex signal as 
a result of the variation of flux passing through the 
saturable strips. 


Operation 

Fig. 3 shows the transfer characteristics of the modu- 
lator head. It can be seen that if no bias were used, 
and the structure magnetically balanced, the output 
signal would be zero. When the excitation flux is biased 
off of the neutral position the output waveform would 
contain even harmonics, predominantly the second 
harmonic. Further, if this bias point varies as a func- 
tion of the intelligence signal the amount of even har- 
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FIG. 1. MAGNETIC modulator head of one design. 
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monics will vary proportionately. The undesired even 
and odd harmonics must be filtered out and elimi- 
nated. This can be done simply by employing a single 
circuit tuned to the second harmonic of the excitation 
frequency as shown in the upper corner of Fig. 3. The 
output voltage (Vena harmonic) therefore takes the form 
of an amplitude-modulated carrier which requires de- 
modulation to obtain the original recorded signal. 

The bias and signal range labeled (A) in Fig. 3 
represents the limits within which the bias and intel- 
ligence signal can vary. The corresponding modulated 
signal output also is shown. These limits insure that 
the modulation will not exceed 100%, and simple 
diode detection can be employed. 

The dynamic range can be doubled and the distor- 
tion decreased if the bias and signal range labeled 
(B) are used. With this operation, a suppressed- 
carrier-type envelope is obtained which requires phase 
or synchronous detection. 

Operation of the modulator head in the range of 
10 ke to 400 ke is reasonable from the standpoint of 
tuned-circuit components and saturation problems 
(skin effects). Excitation currents on the order 
of 50 to 500 milliamperes can be used. Output voltage 
(the modulated signal) usually is greater than 20 milli- 
volts and can be as great as several volts, depending 
on the playback gap size, which determines the intel- 
ligence flux level. 

Fig. 4A shows a dual-channel head partially disas- 
sembled. The pole piece of this particular head is a 
modified standard non-laminated pole piece. The out- 
put coil contains approximately 100 turns and the 
excitation coils approximately eight turns each (wound 
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MAGNETIC-TAPE RECORDS 


in opposition). Fig. 4B shows the head assembled. 
Each track is 0.048” wide and spaced 0.140” on 
centers for use on 14” tape. 

The upper head and gap configuration is similar 
to the pole piece and gap geometry on an ordinary 
record-playback velocity-type head so the modulator 
head has the same wavelength limitations—that is, the 
output approaches zero as the recorded wavelength 
approaches the playback gap length; the output again 
decreases to zero as the wavelength increases to di- 
mensions beyond the head-to-media contact length. 
The output does not vary as a function of speed, how- 
ever, so that the playback frequencies can approach 
zero with no deterioration in the signal-to-noise ratio. 


Applications 

Many applications exist in data reduction problems. 

One application called for a playback system which 
could be employed in the analysis of transient record- 
ings. The transients consisted of frequencies in the 
range from 400 cps to 100 kc and were recorded at 
60 inches per second, giving recorded wavelengths 
ranging from 0.15” to 0.0006”. On playback the 
tape speed was greatly reduced and the system was re- 
quired to read the recordings at tape speeds down to 
and including zero so that the transient signals could 
be rerecorded with a pen recorder. The same modu- 
lator playback system was employed to reduce the fre- 
quency bandwidth of test data recorded in the field so 
that it could be transmitted over conventional tele- 
phone lines to the central laboratory for analysis. 

This test data was in the form of FM subcarrier 
signals ranging from approximately 400 cps to 100 
ke. Playback was accomplished with the tape reduced 
from 60 ips on record to 3.75 ips on playback. The 
highest frequency signal which was used for timing 
(100 kc) was therefore reduced to 6250 cps. This 
bandwidth reduction made it possible to transmit the 
composite recording over ordinary telephone lines. 

The magnetic modulator playback head also has 


been put to use in a machine control problem. Briefly , 


the system was required to control the stitching mecha- 
nism of a cobble machine in the textile industry. An 
artist’s sketch of a repetitive pattern was placed under 
a grid and a pattern recording was manually coded 
onto a drum. This coded pattern information was 
then employed in the system shown in Fig. 5. 
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The ROCKWOOD Type 316 


Double Seated Stainless Steel 
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For Troublefree Handling of All These Fluids 


Air 

Alcohols 

Barium Chloride 

Beer (In Alcohol Industry) 

Blue Vitriol; Copper Sulfate 

Brines 

Butane 

Butanol; Butyl Alcohol 

Calcium Sulfate 

Cane Sugar Liquors 

Carbon Dioxide (Dry Gas) 

Carburetted Water Gas 

Cellosolve; Ethylene Glycol 

China Wood Oil 

Castor Oil 

Copper Sulfate 

Cresylic Acid Dichloro-Difluoro- 
Methane; Freon 


Corn Oil 
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Ethyl Alcohol 
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Gases, Refrigerant 

Gasoline Refined 

Glaubers Salt 
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Hydrogen 
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Lubricating Oil 
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Methanol 
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Oxygen 
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Petroleum Oil 
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Printing Inks 
Producer Gas 
Propane 

Propyl Alcohol 
Return Condensate 


Sa 
Salt Cake 


Salt Water; Sea Water 


Sewage 

Shellac 

Sodium Sulfate 
Sodium Carbonate 
Soja (Soy) Bean Oil 
Sweet Water 
Tannery Liquors 
Titanium Chloride 
Vegetable Oils 
Water 
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— Toughest Ball Valve! 


“anne? 


Here’s the new 316 stainless steel ball valve 
that not only gives you maximum corrosion re- 
sistance, but also positive assurance of leakproof 
service! 

It’s Tightest because exclusive spring rings 
back up its double Teflon* seats . . . automati- 
cally compensate for pressure variations, wear, 
cold-flow deformation and temperature effects. 
With flow in either direction . . . under vacuum 
or 600 psi . . . seats always hug the ball. Low- 
pressure leaks just can’t occur! 

It’s Toughest because it’s made with inte- 
grally cast flanges or screw ends. They stay 
leakproof even under constant vibration. 


The new double seated stainless steel valve 
also gives you all the famous features of other 
Rockwood Ball Valves: smooth, full round flow; 
easy 4 turn opening and closing; dead tight 
sealing without lubrication; and many more. 


ROCKWOOD SPRINKLER COMPANY 
A Division of the Gamewell Company 
261 Harlow Street, Worcester 5, Massachusetts 


Please send full details on the new Type 316 Double Seated Stainless Steel 
Ball Valve. 


ROCKWOOD 
BALL VALVES 


“Spring Pressure ++ 
? Compensated” 


@ 


For use at temperatures from -—65°F to 
+350°F, it can be easily modified for cryogenics 
applications. Just as ideal for vacuum service 
too... holds tight after long, continuous service. 
Send coupon for details on today’s most versa- 
tile corrosion-resistant ball valve. 





4 MODELS AVAILABLE- (Sizes %” through 2”) 


e 600 psi with screwed ends 


e 150 lb. flanged to M.S.S. with standard 
150 lb. face to face dimensions. Also 
available with 150 A.S.A. 


e 300 lb. flanged to A.S.A. with standard 
300 lb. face to face dimensions. 











*DuPont Reg. Teflon seals include seats and adjustable 
chevron stem packing. Also available with nylon or 
synthetic rubber seals. **Patent Pending 
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FIG. |. Magnetic-tape delay line. 














OUTPUT 
ELECTRONICS 




















———~ MECHANICAL 


FIG. 2. Elements of system. 


Servo-Controlled Magnetic-Tape 


LAWRENCE J. KAMM, Convair-San Diego 


o, ERVO CONTROLLED Magnetic Tape Delay Line 

(Fig. 1) is an analog computer element. It re- 
ceives continuous analog signals, stores them on mag- 
netic tape, and emits the same signals a short time 
later. The time delay may be varied from 6 millisec- 
onds to 10 seconds. 

This delay is servo controlled from a clock channel 
on the tape and can be varied continuously while the 
machine is running. The delay is accomplished by 
modifying the servo reference input. The Magnetic 
Tape Delay Line provides 10 signal channels in addi- 
tion to the clock channel. 

The Delay Line is used in conjunction with analog 
computers for auto-correlation problems and for simu- 
lation of physical systems in which time delays occur. 
In order to prevent cumulative degradation of signals 
which pass through the machine many times, the 
analog signals are converted to digital form within 
the equipment. 

The elements of the machine are shown in Fig. 
2. These include an Endless Tape Loop; a Record Head 
which puts the input signals on the tape; a Read Head, 
which takes the signals off the tape; and an Erase 
Head, which clears the tape for re-recording. The tape 
moves at constant speed around the loop. The Delay 
Line proper is the length of tape between the Record 
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and the Read heads. This length may be changed by 
varying the speed of the tape past the Record Head, 
while holding the speed at the Read Head. The total 
length of tape is 80 feet for the 10-second maximum 
delay desired. When the line is adjusted to less than 
maximum length, the surplus is kept in a tape storage 
container through which the loop runs. 

To produce the desired minimum time delay of 6 
milliseconds at a tape speed of approximately 100 
inches per second, the length of tape between Record 
and Read heads must be only 1% inch. This is less than 
the space which the heads themselves take up and 
leaves no room for a capstan and tape loop. Therefore, 
the heads are tipped toward each other so that they 
are almost face to face and can be bridged by a closely 
bent loop of tape. This loop can be lengthened without 
limit. 

The Read capstan is located in the conventional posi- 
tion following the Read head, but the Record capstan 
is placed before the Record head and pays out the tape 
at the desired rate. When the tape loop is lengthened, 
the Vacuum capstan, “V”, comes into action. It is cou- 
pled to the Record capstan but uses vacuum instead of 
a pinch roll to grip the tape. The vacuum drag “X” 
is a non-rotating guide pin having a vacuum slit 
which pulls on the tape to maintain tension on the 
Read head. 











Specifications 
Minimum Delay—0.006 sec ('/2" of tape) 
Maximum Delay—!0 sec (78° of tape) 
Maximum Rate of Change of Delay—é seconds per minute 
Tape Speed—94"/second 
Number of Channels—i! data channels plus 3 clock channels 
Tape Width—1 3," 
Type of Tape—Mylar, 0.002" thick, M.M.M. No. 108 or 148 
Power Supply—208 volts, 3 phase, 60 cycles 
Motor—Hysteresis Synchronous, 3600 rpm 
Type of Heads—Clevite-Brush, 1500 series 


Vacuum Pumps—Leiman, self contained 








Delay Line 


Delay Control Servo 
The Read capstan is driven at fixed speed by a 


hysteresis synchronous motor energized directly from 
the 60-cycle line. The Record capstan is driven by a 
similar motor, but a phase shifter is interposed be- 
tween motor and line to vary the capstan speed. The 
Delay Control Servo includes the clock portion of the 
input and output electronics which measures actual 
delay, the amplifier which compares actual delay with 
desired delay, and the servo motor and phase shifter 
which injects a differential rotation into the record 
capstan to vary the actual delay. 

The Vacuum capstan is a hollow tube which is per- 
forated along the length in contact with the tape and 
is driven by the same belt as the record capstan. A 
stationary valve plug inside the tube is provided which 
closes off all the perforations except along a 90° arc. 
To guide the tape and prevent any possible over-drag, 
a blunt peeling blade is mounted just beyond the pneu- 
matic release point. 

The tape guide pins are cylindrical pins with two 
guide flanges. Jamming of tape falling from the Read 
capstan output into the storage basket was eliminated 
by providing a runout surface exactly in line with the 
outcoming tape, adequate room for zig-zag waves to 
settle out, and air vent slots in one wall of the basket. 





Videograph Process 


kK element of the Videograph Process (A. B. 

Dick Co.) is a special cathode-ray tube desig- 
nated EPT—an electrostatic printing tube (Fig. 1). 
Printing rate is 20,000 characters per second. Repro- 
duction can be from hard copy, microfilm, tape, half- 
tone prints, photos, maps or video camera. 

The electron gun directs an electron beam toward 
a glass faceplate. Spaced, small-diameter wires are 
fused into this faceplate. The inner ends of the 
wires face the electron gun and the outer ends are ex- 
posed to the atmosphere, thus forming a series of 
spaced and insulated conductors extending from the 
inside to the outside of the tube. A single row of 
0.001” stainless-steel wires spaced on 0.004” centers 
for a density of 250 wires per inch is being used for 
facsimile reproduction, 

The first step of the printing process is to create an 
electrostatic image on the printing medium—usually 
paper. The paper is supported against the outer surface 
of the face plate of the EPT and is backed up by an 
electrically grounded plate or roller. When the electron 
beam strikes the inner ends of the wires electrons are 


LATENT IMAGE 


conducted through the wall and deposited on the paper 
surface as a negative charge pattern. 

The direction of the electron beam within the EPT 
can be controlled conventionally by pairs of horizon- 
tal and vertical deflection plates, or by electromag- 
netic coils around the neck of the tube. Voltages ap- 
plied to either the plates or coils deflect the beam in a 
prescribed path against the inner surface of the face- 
plate. While the beam sweeps the exposed inner ends 
of the wire matrix to form a raster the beam is ampli- 
tude modulated at high rates by applying voltages to the 
grid of the electron gun. Electrical charges are placed 
on the wires in a pattern and are deposited on the 
printing medium to form a latent electrostatic image. 

In the final step the electrostatic latent image is de- 
veloped into a visual image and “fixed” to provide 
permanency. A mixture comprising a carrier and a 
toner powder is applied to the surface of the paper on 
which the electrostatic latent image has been created. 
The toner is a pigmented thermoplastic resin powder 
which, when heated, forms permanent black images 
in the shape of the charge pattern. 
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Send for free brochure, PARTLOW 
CONTROLS A handy, condensed 
catalog of the complete line of Partlou 
temperature controls and allied equip- 
ment for industrial heating and 


refrigeration. 











Much of Partlow’s business involves special controls 
to solve special application problems. 
No matter how off-standard the control, however, 


the odds are better than 99-to-] that the Partlow you 
order will be delivered well within our regular 3-to-4 


week schedule. During the past 12 months — the 


busiest in our 40-year history — 99% of all the con- 
trols we produced went out on time, or ahead of it! 
Of course, prompt, dependable delivery is only one 
reason for the mushrooming demand for Partlow 
products. Here are a few others: 

Mercury Actuation, which lets the Partlow function 
without an outside power source or temperamental 
electronic amplification . . . 

Unmatched Design Simplicity, which enables the 
Partlow to withstand even extreme conditions of 


FAST, ON-TARGET DELIVERIES... 
Another reason why more firms than ever are using 


Partlow Temperature Controls 


shock, vibration, corrosion, dust and moisture, 
without loss of accuracy or sensitivity . . 
Interchangeability of Elements, which makes it 
possible for any Partlow to be serviced at the job 
site, virtually climinating “‘down time.”’ 


Partlow makes a complete line of electric, mechan- 
ical and pneumatic controls (recording, indicating 


and non-indicating) for temperatures up to 1100°F. 
Whatever your application problem, Partlow makes 


an instrument to handle it efficiently, economically, 
precisely. Write for details: The Partlow Corp., New 


Hartford, N. Y., Dept. IA-360, 


7] PARTLOW 


PARTLOW) TEMPERATURE CONTROLS 


L World Export: 
Ad. Auriema, Inc., 85 Broad Street, New York 4, N.Y. 
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Teletype machines help aa z 
cut costly paperwork jan uF < 


Typing Tape Punch Tape Reader 


A Teletype machine equipped with a simple sprocket-feed 


mechanism can handle multi-carbon forms as readily as the more 


familiar plain paper on which messages are transmitted. Thus 
distances can be bridged not only with information, but 


with information that is preprocessed, ready to go to work. 
Teletype printers handle a wide variety of multi-copy 


forms. Moreover, the usefulness of this technique can be 


further extended with Teletype tape punching and reading 


equipment—which can capture, store and utilize repetitive data 


to further mechanize paperwork procedures. ® 
For more information about Teletype Model 28 equipment, T F [ F TY p F 
please write to Teletype Corporation, Dept. 27C, 


4100 Fullerton Ave., Chicago 39, Illinois. GCGORPORATION 


suesioiary or Western Electric Company Inc, 


Send-Receive Page Printer Automatic Send-Receive Set 


CIRCLE 72 ON READER-SERVICE CARD 
March 1966—IJnstruments & Control Systems—Page 441 








Se INSTRUMENTATION 


ELECTRONIC CIRCUITRY 


CHARLES F. KEZER and MILTON H. ARONSON 


SLIDEBACK ELECTROMETER FOR MEASURING HIGH RESISTANCE 





ea ELECTROSTATIC 
Y ) | VOLTMETER 
' 


aw aad 














aa 
Vv, =TEST VOLTAGE R, = RESISTANCE OF 
Vs* SLIDE-BACK VOLTAGE COMPONENT UNDER 


i =CURRENT TEST 
R, * STANDARD RESISTANCE 


Measurement of high resistance, such as insulation, 
is of growing importance. A series-resistance method 
has been discussed by Norman and is an outgrowth of 
a series-capacitance method employed by Race. Their 
instruments employ a high-impedance null detector and 
a slideback compensating voltage. 

The series-resistance method is shown in Fig. A, 
which is a simplified form of Norman’s circuit. Test 
voltage Vy, causes a current (i) to flow through the 
circuit in which Rx is the resistance under test and 
Rg is a known standard resistance. The slideback volt- 
age Vs must equal —iRs for the null detector to read 
zero. For example, when Rg = Rx, then Vs = Vr. 
This method of measurement has several advantages: 
(1) the test voltage is the exact voltage which appears 
across the unknown, (2) the slideback voltage can be 
read on a high-accuracy D’Arsonval-type indicator, 
and (3) with guard-ring techniques the guard and 
guarded electrodes are at the same potential at the 
time of measurement. 

Fig. B is a schematic drawing of the instrument 
described. 
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Electrometer tube V1, is a 5800/VX41A subminia- 
ture electrometer tetrode. This tube has extremely high 
leakage resistance (greater than 10'° ohms) between 
the control grid and the other electrodes, and extreme- 
ly low grid current (nominally 3 x 10—-1° ampere). 

Indicators—The instrument contains three indica- 
tors. The slideback-voltage voltmeter (M3) measures 
the magnitude of the slideback voltage. This meter has 
ranges of 1, 5, 10, and 50 volts full scale, plus a 
“meter-short” position for zeroing. It has a mirrored 
scale, 10,000-ohm-per-volt 1-percent movement, and a 
resistance of 1000 ohms. 

The second indicator (M2) is a 15-0-15-micro- 
ampere mirrored-scale galvanometer for null detec- 
tion. R2 is for balancing plate current and bucking 
current when the control grid of V1 is grounded. 

The third indicator (M1), identical to that of M3, 
has ranges of 100 and 500 volts full scale. This “test- 
voltage voltmeter” measures the magnitude of the test 
voltage and has a “Fil. 10” position for establishing 
the proper bias voltage, accelerator voltage, and plate 
voltage for the tube. 

Grid Grounding Switch—Switch 3 (bottom left) 





will either ground or unground the input of the elec- 
trometer. It controls the current applied to a high- 
resistance thermally operated switch (K1). The re- 
sistance of this switch when open is a minimum of 
10° ohms. 

Standard Resistors and Shield—The standard resis- 
tors are a carbon-film type, vacuum sealed in glass 
envelopes, and especially treated for stability under 
high humidity conditions. The values are approxi- 
mately 108, 10°, 10!°, 1044, and 10!* ohms. These re- 
sistors were measured to an accuracy of 0.2% by the 
National Bureau of Standards. Experience with this 
type of resistor has shown that fluctuations with time 
may be as great as 1.0%. 

The standard resistors are mounted on a polytetra- 
fluoroethylene block containing banana jacks which 
allow easy selection and connection to the gird circuit 
of the desired standard resistor. 

Using the test-voltage switch and test-voltage adjust- 
ment knob, and with the test-voltage meter on the 
proper range, the desired test voltage is set. A stand- 
ard resistor of approximately one-hundredth the value 
of the resistor being measured is inserted into the 
circuit with a jumper from G, to the desired resistor. 
The unknown resistor is connected between the high 
and low terminals. With the grid still shorted to 
ground, the test voltage is switched on, the grid is 
ungrounded so that a voltage appears cross the stand- 


ard resistor, and a slideback potential is introduced 
such that the null indicator is just returned to zero. 
The resistance of the unknown resistor is calculated 


from: 
Rx = Rg (Vr/Vs) 
where Rx = resistance of resistor under test; Vr = 
test voltage; Vs = slideback voltage; Rs = resistance 
of standard resistor. Accuracy of +2% is common. 
The null indicator can be calibrated in percent from 
nominal, and used for sorting. It also can be used for 
measuring leakage resistance of capacitors. 
Supplies—The voltages for the electrometer tube 
are supplied by six 114-volt batteries (BT1) and drop- 
ping resistors. The test voltage (10 to 500 volts) is 
supplied by two 300-volt batteries (BT2) and a po- 
tentiometer. The two batteries can be connected in 
series or in parallel. A safety resistor of 1 megohm is 
included between the test-voltage supply and the high- 
voltage terminal to eliminate shock to the operator if 
the terminal is accidentally touched and to protect the 
supply batteries in event of accidental shorting or a 
breakdown of the item under test. This safety resistor 
is small compared to any resistance being measured 
in the circuit and can be neglected in the calculations. 
The slideback voltage is supplied by a 30-volt bat- 
tery (BT3) and a potentiometer arrangement. 
Source: N. J. Doctor and P. J. Franklin, “Slideback 


Electrometer,” /nstruments & Automation, June, 1956. 


PORTABLE CURRENT PATH VERIFIER IDENTIFIES WIRES IN CABLE BUNDLES 


This “Portable Current Path Verifier” was devel- 
oped to correlate connector pins and connecting wires 
in wire bundles having potted connectors at each 
end. 

The sensing device consists of a hinged iron core 
(clamp-on ammeter type) upon which a multi-turn 
coil has been wound. This was a Triplett Model 10 
clamp-on adapter with range switch and resistors 
removed. When a wire is being checked for connec- 
tion between two pins, making and breaking the con- 
tinuity checking circuit will induce a voltage in the 
coil—if the core is on the proper wire. The coil is 
transformer coupled to the grid of a miniature thyra- 
ton tube. The tube is biased so that the induced volt- 
age will ionize the tube and initiate conduction. A 
neon glow lamp (Type NE-2) indicates the conduc- 
tion state of the tube. The tube will continue to con- 
duct until the plate circuit is opened; thus, a go/no-go 
indication is obtained. 

Sl is on-off switch for instrument; S2 is spring- 
return normally-closed switch that turns locator light 
off by breaking plate circuit. 

Transformer shown is Triad HS-3. 

R3 (10K 2-watt pot) is adjusted to bias the tube 
so the continuity tester used (multimeter or flash 
lite batteries and lite) will initiate conduction on 
“make” or break” of a continuous circuit. Rl and R2 





rz 
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are 14-watt resistors. 

The thyraton tube used is a CK5643, which has a 
filament requirement of 15 ma at 6.3 volts. This low 
power requirement enables the device to be battery 
operated and portable. 

A Supply: 6.3 volts at 15 ma for filament (Burgess 
N60 or equiv.) 

B Supply: 90 volts at 1.5 ma max (Burgess F4BP 
or equiv.) 

Source: Jack Wecker, Boeing Airplane Co., Wichita, 
Kansas; also Oct. issue of Boeing Magazine, Wichita 
1, Kansas. 
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THE /5///°2SS7/ ALL TRANSISTORIZED ANALOG COMPUTER 


— basic model less than $4000 


PACE’ TR-10 Eliminates Drudgery— Gives New Insight into Engineering Problems 


This compact unit, 15” x 16” by 24” high, is powered by 115 
volts AC and can provide day-in day-out instant solution of 
your most vexing engineering problems. Even if you have 
never seen a computer before, you can learn to operate the 
TR-10 as easily as you learned to use a slide rule. 


Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of 
the effect of each change. You can study the inter-related 
effects of heat, pressure, flow, vibration, torque or any vari- 
able, and visually compare one with the other. Engineering 
data comes alive — insight into how new designs will work 
is obtained easier, faster. 


Because of its minimum size and low price, the TR-10 can 
become your own personal analog computer. You gain first- 
hand experience with the power of analog techniques, and 
convert more of your time to creative engineering. New 
ideas that were too costly to try before are now practical. 


You can design virtually to perfection and have a permanent, 
visual record of performance before building pilot models or 
prototypes. As a result, “cut and try’ expense is reduced. 


The same quality workmanship and design that has made 
Electronic Associates the world’s leading producer of pre- 
cision general purpose analog computers will be found in 
this new unit. Accuracy to +.1 per cent. Modular construc- 
tion allows you to select varying quantities of the following 
computing functions: summation, integration, multiplication 
or division, function generation, parameter adjustment, 
logical comparison. 


For complete engineering data, write for Bulletin TR-10-F. 


EAI 


Fo esa ee | 
ELECTRONIC ASSOCIATES, INC. 
Long Branch, New Jersey 
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Newsletter 


John H. McLeod Jr., EDITOR 
Suzette McLeod, SECRETARY 


8484 La Jolla Shores Drive, 
La Jolla, California 





Your Newsletter 





Your Newsletter is now more than 
seven years old. 

Those of you who have been with 
us through these years know that 
its character has changed randomly 
from issue to issue, but they might 
also have noticed a trend. This | 
would like you to consider. 

There are basically three ways | 
can present material: 

1. If I can attend a meeting, I can 
attempt to catch the spirit and the 
basic facts (the wine and the meat) 
and transmit them to you for consid- 
eration and follow-up, if you see fit. 

2. I can sometimes abstract tech- 
nical papers, and present abstracts 
by others. 

3. I can present technical papers 
in their entirety (space permitting). 


The original idea of the Newsletter 
was to accomplish the first. But since 
there are five or six regional Councils 
I obviously can’t attend all the meet- 
ings, so most of my reporting is at 
the mercy of the local secretaries. 
Secretaries are people, so I might 
get: 

1. Nothing 

2. Abstracts which have been so 
abstracted that nothing worth print- 
ing is left. 

3. Excellent abstracts 

4. Notes that are so rough I can't 
interpret them 

5. Excellent notes 

6. Full texts, poor to excellent 


Obviously I do not always have a 
choice, but when I do, what do my 
readers want? 

1. Wine and meat 

2. Abstracts 

3. Full texts 


Simulation Counclis, Inc. 


Stan Rogers, Convair, San Diego, Calif.; 
Chairman, Board of Directors 


Western Simulation Council 


George Bekey, Space Technology Labo- 
ratories, Los Angeles 45, Calif.; Chair- 
man Steering Committee 


Midwestern Simulation Council 


Ralph J. King, Caterpillar Tractor Co., 
Peoria, Ill.; Chairman, Steering Com- 
mittee 


Eastern Simulation Council 


S. J. Korn, Sylvania Electronic Systems, 
Waltham 54, Mass.; Chairman, Steering 
Committee 


And should I stick to reporting 
Simulation Council meetings per se, 
or pass up some meeting material 
in favor of outside material which in 
my opinion seems more pertinent ? 

Remember, | don’t edit this thing 
for fun or profit but for readers. 
Let’s hear your wants. If you yell 
loud enough I'll start a letters column 
and maybe we can really stir up 
something! 





Bits 





Aside from the foregoing plea for 
feedback, we give you this month 
(through courtesy of P. J. Hermann, 
their erstwhile Secretary) selected 
information on the August meeting 
of the Midwestern Simulation Council 
held at the General Motors Technical 
Center. 

At this meeting Robert Kley (Hol- 
ley Carburetor) spoke on simulating 
a “Once-Through Steam Generator”; 
R. O. Whitaker (Allison Div., GM) 
gave some “Techniques Utilized in 
the Simulation of Several Nonlinear 
Devices”; R. T. Harnett (WADC) 
told of improvements in a “Quarter- 
Square Electronic Multiplier”; R. M. 
Howe (University of Michigan) lec- 
tured on the use of analog computers 
in the “Solution of Partial Differen- 
tial Equations’; and R. H. Kohr 
(GMTC) discussed “Vehicle Ride 


Simulation.” 


Southeastern Simulation Council 


Fred Shaver, Army Ballistic Missile 
Agency, Redstone Arsenal, Huntsville, 
Alabema; Chairman, Steering Com- 
mittee 


Central Simulation Council 


L. H. Freeman, Phillips Petroleum Com- 
pany, Bartlesville, Oklahoma; Chairman, 
Steering Committee 


DDA Council 


Stan Rogers, Convair, San Diego, Calif.; 
Chairman, Board of Directors 





Pieces 





MIDWESTERN S/C MEETING 
OF 3 AUGUST ON "TOUGH 
PROBLEMS IN SIMULATION" 


More than 65 people representing 
32 different business, industrial, and 


_ educational organizations attended 


the 3 August 1959 meeting of the 
Midwestern Simulation Council. Bob 
Kohr and the people at the General 
Motors Technical Center in Warren, 


_ Michigan (just north of Detroit) were 


hosts. The topic of the meeting was 
“Problems in Simulation,” with em- 
phasis on some of the more difficult 
ones. 

The meeting was held in the Re- 
search Building of the Technical Cen- 
ter. This is a striking modern struc- 
ture with hanging stairways and all 
the appointments necessary to im- 
press the visitor and give the worker 
an air of professional relaxation on 


the job.* 


Vernon Larrowe (Willow Run Re- 
search Laboratories, University of 
Michigan, Ypsilanti, Mich.), Chair- 
man of the Steering Committee. 
opened the meeting and introduced 
Joseph Bidwell. Mr. Bidwell greeted 
the group and described briefly the 


*Your Ed. has often felt like relaxing 
at the office on a Monday morning, 
but we doubt if he looked very pro- 
fessional about it! 
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by the Technical Center in general REACTOR 
and by the Research people in par- 
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Kley on Heat Transfer Mace OS ah 


in Nuclear Reactors enentinlit sin sees 


Vern then introduced Robert Kley 
ar : ; STEAM 
(Holley Carburetor Co., Warren, 
Mich.). Bob’s talk concerned work 
he had done at Holley in simulating 
the heat transfer process in a nuclear 
reactor system** of the type illus- 


trated by the block diagram of Fig. 1. 
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Unfortunately, the tape transcription 
of Bob’s talk was so poor that we 
can only give high-lights of his work. 
(Bob is scheduled to give a_ talk 
“Using An Analog Computer for Both 
System Analysis and Operator Train- 
ing on the Enrico Fermi Nuclear 
Power Plant” at the WJCC, San 
Francisco, 1-5 May. This talk will 
cover a larger simulation, a part of 
which Bob described at the MSC 
meet. ) 

The objective of the simulation was 
to study the heat-transfer processes 
in a once-through heat exchanger, 
as illustrated in Fig. 2A. Hot molten 
sodium from the reactor is passed 
through a steam-generating heat ex- 
changer into which water is pumped, 
and out of which superheated steam 
is taken. Some large temperature 
gradients exist in this exchanger, 
both lateraliy from the sodium loop 
to the water-vapor-steam loop, and 
longitudinally in the directions of 
tlow of the two fluid media. 

It was desired to simulate the heat- 
transfer process by considering the 
exchanger to consist of a large num- 
ber of one-dimensional heat exchang- 
ers stacked one on top of the other 
in the longitudinal direction, or dir- 
ection of flow. In Bob’s case the num- 
ber of finite elements was 28, as 
shown in Fig. 2B. Each of the elemen- 
tal heat exchangers was considered 
essentially as a steady-state process. 
The problem was to take care of the 
large number of elements in the sys- 
tem when each of the elements oper- 
ates over a large range of tempera- 
ture heat-rate flow conditions. Obvi- 
ously, a large amount of computer 
equipment would have been required 
to simulate this many elements in 
the conventional manner. 

The technique used at Holley Car- 
buretor was to construct a sort of hy- 
brid active-and-passive-element sim-' 
ulation. The passive elements simu- 
lated the passive heat-exchange proc- 
esses of each element, the active 
computer components were used to 
generate the complicated functional 
relationships, and a stepping switch 
operation was devised to permit time- 
sharing of the active components with 
the passive components, as shown in 
Fig. 3. In this way they were able 
to simulate the operation of this heat- 
exchanger in steady-state conditions 
over a large range of operating con- 
ditions. 


Whitaker on Non-Linear 
Devices 
The second speaker of the day 
was Robert O. Whitaker (Allison 
Division, General Motors Corpora- 








for library, gifts, training course 


Electronic Circuitry for 
Instruments and Equipment 


by M. H. Aronson. ‘Comprehensive 
source book on instrument circuitry,” this 
complete home-study text includes 458 
multiple-choice questions (and answers), 
215 illustrations, 10 tables, comprehensive 
index. Paperbound, 324 pages, 1957 (re- 
vised edition). $2.00 


100 Electronic Circuits 


by M. H. Aronson and C. F. Kezer... 
covers amplifiers, oscillators, pulse circuits, 
phase shifters, etc. Complete with all 
circuit component values and response 
specifications. Paper, 180 pages, 1957. 
$2.00 


Printed Circuitry 


by Allan Lytel. A valuable working tool; 
includes alternative and recommended 
practice for each step in design and pro- 
duction of printed circuits; a buyer's 
quide to special components; and “how 
to"’ service data. Paperboard, illustrated, 
192 pages, 1957. $2.00 


Maintenance and Servicing 


of Electrical Instruments 


by James Spencer. Useful to all instru- 
ment users, service men, switchboard at- 
tendants, testing engineers, and others, 
this book covers construction, testing, ap- 
plications, principles of operation and 
maintenance of all kinds of electrical in- 
dicating instruments. Clothbound, 274 
illustrations, 280 pages, 1951 (third edi- 
tion). $2.00 


Strain Gage Instrumentation 


edited by Aronson and Nelson. 
@ practical text . . . covers fundamentals 
basic bridge circuits, typical applications, 
and surveys typical commercial instru- 
ments which use or are used with strain 
gages. Paper, 110 pages, illustrated, in- 
dexed by company, author, and subject, 
1958. $2.00 


Nuclear Reactors 
for Industry and Universities 


edited by E. H. Wakefield. The several 
distinguished authors and editor Wake- 
field cover types, availability (1954), op- 
eration, protection, control, experiments, 
legal aspects, and present a detailed cost 
study. Cloth, 92 pages, illustrated, 1954. 

$2.00 


Digital Techniques for 
Computation and Control 


by Martin L. Klein, Harry C. Morgan, Mil- 
ton H. Aronson .. . FIRST comprehensive 
survey of basic digital techniques .. . 
includes basic principles, basic circuits, 
components and available commercial 
equipments . . . Dynamic digital material 
thoroughly covered in 394 pages. Cloth 
bound with dust jacket, illustrated, 5!/2" 
x 8/2". $6.00 


Process Control 


by A. J. Young. A “must” for all who 
have to do with the automatic control of 
industrial processes, this book combines 
for the first time the practical how" and 
the theoretical “why. Paperbound, 134 
pages, 1957 (second printing). $2.00 


Operation and Care of 
Circular-Scale Instruments 


by James Spencer. Includes ‘trouble’ 
charts for d-c, and for a-c instruments; 
covers d-c instruments, a-c ammeters and 
voltmeters, wattmeters, frequency meters, 
power factor meters and synchroscopes. 
Clothbound, 90 pages, 1949. 2. 


Process Control Analysis 


by M. H. Lajoy and E. A. Baillif. An 
essential first step in analysis of closed- 
loop controlled processes via frequency 
response of the system. Clothbound, 72 
pages, 1956. $2.00 


Mechanical Measurements 
by Electrical Methods 


by H. C. Roberts . . . describes gaging 
methods based on variations of ca- 
pacitance, inductance, resistance, as well 
as photoelectric piezoelectric, thermoelec- 
tric, acoustic, and other methods .. . cov- 
ers principles of bridge and potentiometer 
circuits, plus required and available 
equipment. Second edition, cloth, 368 
pages, 195/. $2.00 


Scientific and Industrial 
Glass Blowing 


. and Laboratory Techniques by W. E. 
Barr and Victor J. Anhorn. New revised 
edition covers construction in detail. Ex- 
plains operating principles of all pieces. 
Includes review of history, and most re- 
cent developments. Original edition ac- 
claimed ‘best of its kind—not only on 
glass blowing but hundreds of techniques.” 
Paper, 408 pages, 300 illustrations . . 
new edition 1959 $5.00 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pittsburgh 12, Pa. 
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58 FACTS PROVE THE MC-5800 OBSOLETES 
EVERY OTHER ANALOG COMPUTER MADE 


solves problems faster, more accurately, and at less cost! 


The MC-5800 provides FASTER answers 


1. Selection of real-time, expanded-time or high- 
speed compressed-time without reprogramming. 


2. Real-time precision @ speeds to 60 solutions/sec. 


3. Dynamic memory with time-base accuracy of +10 
usec provides automatic parameter searching by 
iteration—an exclusive capability. 


4. It programs 134 amplifiers, 30 electronic multi- 
pliers, 18 diode function generators, 2 time-delay 
generators, 8 relay amplifiers, and 6 servos from one 
2128-hole patchboard. 


5. Unique automatic problem check checks prob- 
lem-board patching in seconds and can record errors. 


6. Exclusive electronic generators of the function of 
two-or-more variables may be programmed at patch- 
board in same time required for setup of single- 
variable generators. 


7. Complete control of all amplifiers, multipliers, 
dividers, and non-linear equipment at patchboard. 


8. Quick overload recovery in less than | sec. 


9. It is the only computer offering card-programmed 
diode function generators. 


The MC-5800 performs MORE ACCURATELY 


10. Amplifiers provide lowest noise level output — 
less than one millivolt at unity gain. 


11. Greatest distortion-free amplifier output — 30 
mils at + 120 V—only 12 mils quiescent drain. 


12. Lowest amplifier grid-current < 10-9 ampere. 


13. Stable amplifier operation over the entire feed- 
back range from zero to infinity. 


14. Drift < 50|uv in 8 hours in summing mode. 


15. Amplifier frequency response—flat to 10,000 cps 
and only 3 db down at 28 kc. 


16. Only diode function generators utilizing resis- 
tors, potentiometers, and diodes of equal quality to 
those in computing networks. 


17. Only diode function generators with individual 
hi-lo gain positions for each segment. 


. Lowest function generator drift < 5 mv/8 hrs. 
. Highest servo multiplier accuracy, +0.008%. 
. Only fully shielded patch bay and patchboard. 
. All contacts in patching system gold-plated. 


22. Highest performance electronic multiplier—flat 
to 10,000 cps and only 3 db down at 20 kc. 


23. Only servo multipliers and resolvers with zero 
backlash gearing — maximum one part in 36,000. 


24. DC tachometer feedback on all servos. 
25. Dynamic servo error—less than 50 mv at one cps. 


26. Lowest step-function overshoot—less than 1%. 


27. EVERY SPECIFICATION IS GUARANTEED TO BE TRUE PERFORMANCE 
STANDARD —IN SUSTAINED OPERATION. 


28. Highest sin-cos resolver accuracy +0.03% peak-to-peak. 

29. Power supplies eliminated from console—lowest, most stable 
operating temperatures—rise < 3°C. 

30. Passive networks stabilized at << 1°C above room ambient—no oven 
required. 

31. Servo-set pots can be set to 2 parts in 10,000. 

32. Accuracy of computing networks at least 0.01%. 

33. Lowest computer cross-talk — rejection greater than 2,000 to 1. 
The MC-5800 can be operated at LESS COST 

34. Greatest available problem capacity per dollar—by 20%. 

35. Least cost for future expansion. 

36. Output tube filaments operate with DC bias for maximum life. 

37. Centralized overload indication for quicker trouble-shooting. 

38. Only computer with hermetically sealed transformers. 

39. Choppers employ double-contacts in parallel for maximum life. 
40. Plug-in relays and step switches throughout for least down time. 

41. Plug-in dynamic components ease maintenance. 

42. Quickest trouble-shooting by automatic problem check. 


43. Costliest and best patching system for lowest programming cost 
thru maximum reliability of patchcord connections. 


44. Choppers de-energized when computer in standby for max. life. 
45. Separate power-supply venting minimizes room heat load. 

46. Exclusive equipment-door packaging for free access and quick 
maintenance without shutdown. 

47. Insulated patchboard prevents costly shorting accidents. 

48. Sealed servo gear boxes for maximum reliability. 

49. Fully transistorized ADRAC system with plug-in logic modules. 
50. Available on lease basis as well as for purchase. 

The MC-5800 can SOLVE MORE OF YOUR PROBLEMS 

51. Exclusive dynamic memory makes automatic iterative solution of 
statistical or optimization problems a reality. 


52. Dynamic memory + high-speed quick-reset rep-op provide practi- 
cal approach to solution of simultaneous partial differential equations. 


53. Exclusive bi-variable function generators can also be used as 
amplifiers, multipliers, or generators of single-variable functions. 


54. More computer capacity per dollar means more solutions. 
55. Solution of problems with up to 15 amplifiers in closed loops. 


56. Starting with as few as ten amplifiers, at a cost of little more than 
the cheapest available computer, you can build to a complete comput- 
ing center of unsurpassed performance. 


57. Add-on capacity up to 134 amplifiers, 30 electronic multipliers, 18 
diode function generators, 2 time-delay generators, 8 relays with ampli- 
fiers, 4 bi-variable function generators, 6 servos, 8 function switches — 
all field-expandable without mechanical rework or rewiring. 


58. Add-on features include automatic problem check, integrator rate 
test, high-speed repetitive operation, dynamic memory, expanded-time 
base, compressed-time base, servo-set potentiometers, and ADRAC 
(Automatic Digital Recording and Control) system—all field expand- 
able without mechanical rework or rewiring. 


There are over 100 more facts—let us tell you about them in person, 
or better still, visit our factory—and see for yourself! 


<= COMPUTER SYSTEMS, INC.. 611 Broadway, New York 12, N. Y.+ SPring 7-4016 


4 Schlumberger Subsidiary * formerly Mid-Century Instrumatic Corp. 
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50 million 
Alpha-Numeric Characters 


on drums without increasing access time! 








LFE’s RASTAC means Random Access Storage and Control in a big 
way. In general-purpose digital computer applications, it provides 
mass data storage on an on-line basis. Thus, RASTAC eliminates 
the “hang-ups” encountered while the computer is searching for data 
on cards or tape. Average random access time is only 1/6 of a second, 
regardless of the size of the system! 


A complete LFE RASTAC System may include from one to thirty- 
three high density magnetic file drums (LFE Type HD), plus three 
cabinets of control and power supply elements. So RASTAC is 
actually a building-block system of reliable magnetic modules. 


A RASTAC System can be assembled as a one drum unit with a 
storage capacity of 1.5 million characters. Or the maximum RASTAC 
is available with 33 HD drum units for a total storage capacity of 
almost 50 million characters. RASTAC can be used in 


But regardless of the number of drums in use, LFE’s RASTAC conjunction with any gen- 
system always offers an average random access time of 1/6 of a second. eral purpose digital com- 


. . i . uter. 
RASTAC is a truly versatile system. In addition to normal on-line P 


operations in conjunction with the Computer, it may also be used 

independently as a file with the appropriate input and output stations. 

When used on-line RASTAC may be also equipped with facilities for 

independent operation during computer down time. 
We suggest you consider the RASTAC System if you require 
fast access to mass data storage. Descriptive literature is 
available on request. Write to Department 3-I 


Leadership Prom Experience 
LABORATORY FOR ELECTRONICS, INC. 


Computer Products Division 
1079 COMMONWEALTH AVENUE, BOSTON 
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tion), whose talk on “Techniques 
Utilized in the Simulation of Several 
Non-Linear Devices” was a collection 
of descriptions of some special cir- 
cuits that he had developed for gen- 
erating certain non-linearities in con- 
nection with the simulation of a jet 
engine. Although the circuits are 
somewhat specialized, we reproduce 
them here for the benefit of others 
who might have similar problems. 
As Mr. Whitaker’s notes were in re- 
producible form it is likely that those 
who would like more details can get 
a copy by writing to him. 

A study of a magnetic-amplifier’s 
predicted performance characteris- 
tics revealed that the transfer func- 
tion should be as shown in Fig. 4. 

The relatively simple circuit of 
Fig. 5 was used to simulate this char- 
acteristic. 

This, we note, involves only a func- 
tion generator to provide the non- 
linear action. The curve between the 
origin and Pa is described by 
y =x —x*. The circuit operated 
very well. 

The computer engineer may well 
keep in mind the ready adaptability 
of function generators to applications 
like this. 

A magnetic relay of the bi-direc- 
tional type was characterized by the 
action shown in Fig. 6. 

The circuit considered best for the 
simulation of this action is shown in 


The use of a single pot at pc causes 
the points of return to zero to be 
dependent. Independent operation 
could be obtained by using separate 
potentiometers. 

The positive feedback circuit should 
be kept in mind by the computer 
engineer and used for non-linear ac- 
tions of the type shown. 

When a certain type of clutch is 
activated, the bands tighten, squeez- 
ing out oil. Only after the oil has 
been squeezed out does the clutch 
engage, but when the clutch is de- 
activated, the bands loosen and the 
clutch disengages instantly, as shown 
in Fig. 8. 

The relative complexity of the cir- 
cuit finally employed seems to indi- 
cate that there should be something 
simpler.* It is shown in Fig. 9. 

If applications arise in which the 
speed of operation required will be 
such that the delay associated with 
the return to zero cannot be toler- 
ated, trigger circuits can be added 
to eliminate the network of resistors 
and diodes. 

Rotary compressors used in jet en- 
gines have a highly non-linear rela- 
tion between speed, air flow through 
the compressor, and pressure ratio 


*Have our readers any ideas? I have. 
d. 
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across the compressor as shown in 
Fig. 10. 

The problem of determining just 
what speed corresponds to a given 
pressure ratio and air flow becomes 
a problem of interpolation between 
the various speed lines. 

One shortcoming of many inter- 
polation techniques is that complete- 
ly vertical portions of curves cannot 
be set on the function generators. 
And furthermore the shape of the 
curves may be such that linear in- 
terpolation introduces large errors. 

A difficult map may be converted 
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into another one to give greatly im- 
proved results. Such a map would re- 
sult if a center C is chosen in Fig. 10 
and radial lines drawn, as shown in 
Fig. 11. 

ow reading points in the polar 
form, @ and r, and replotting in the 
rectilinear form gives a new map, as 
shown in Fig. 12. 

Interpolation will be much better 
than in the map of Fig. 10, but a 
more complex computer setup is re- 
quired. There are numerous varia- 
tions of this method; the basic prin- 
ciple is to obtain a coordinate sys- 
tem in which the function generators 
generate essentially horizontal lines. 

A technique for paralleling func- 
tion generators is sometimes helpful. 
Suppose it is necessary to set up a 
curve, as shown in Fig. 13. 

Accuracy requirements call for 
breakpoints as indicated, but suppose 
that function generators having only 
10 breakpoints are available. 

Interlacing two function genera- 
tors as shown in Fig. 14 may be the 
answer. 

Interlace may be in sections as 
indicated or point by point. 

Breakpoints may be determined on 
the computer by feeding a value of 
x to the system and adjusting the 
function generators to give the de- 
sired value of y. If computer time is 
not available, then a ruler and pencil 
may be used in a graphical analysis 
to plan the breakpoints. 

Any number of function genera- 
tors may be so paralleled, but trouble 
from drift and noise becomes bother- 
some as the circuitry becomes more 
complex. 

The above discussion of two meth- 
ods of map simulation is not intend- 
ed in any way to indicate a general 
method for simulation of all maps. 

Most methods will work on par- 
ticular types only. The computer 
engineer must study the map to be 
simulated and decide as to what 
method, if any, will be adequate for 
his purpose. A very definite need 
still exists for a special computer 
component which will satisfactorily 
simulate maps of all types. 


Harnett on Electronic 
Multipliers 
The third speaker was R. T. (Bob) 
Harnett (Wright Air Development 
Center, Ohio). Bob began his talk, 


“Improvements in an_ Electronic 


























Fig. 12 


Multiplier” by observing that the 
previous speaker, R. O. Whitaker, 
had commented that you should avoid 
the use of multipliers whenever pos- 
sible. However, if you’ve got to use 
one, Bob thought the multiplier he 
was about to describe would be the 
one to use. 

Bob’s paper described modifica- 
tions made by WADC in the develop- 
ment of their REAC computer. He 
distributed copies of a paper on the 
subject which is so thorough (91 
pages) that we won’t attempt even 
to abstract it here, but will only give 
you the “Contents” so that you can 
decide whether you’d like to write 
Bob for a copy. 
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The multiplier is basically a quar- 
ter-square multiplier with four-quad- 
rant capability and a straight-line 
addition to the DFG parabola to pro- 
vide a monotonic function. The 
straight line is removed later on in 
the output stages of the multiplie 
operation. 

Points covered in detail in Bob’s 
report are: Introduction: Theoretical 
Considerations: Principles of Opera- 
tion; Diode Circuits; Ideal Dither 
and Error Correction. Multiplier In- 
stallation at WADC. Also: 
Performance Characteristics: Static 
Accuracy; Test Methods for Static 
Accuracy in Product Modes; Typical 
Results for Static Accuracy in Prod- 
uct Modes; Static Accuracy in Square 
Mode; Static Characteristics in Di- 
vide Mode; Square Root in the Di- 
vide Mode; Phase Shift Character- 
istics; Major Areas of Research 
on Product Improvement; The Ef- 
fects of Dither on Diode Character- 
istics; The Effect of Inductive Re- 
sistors on Distribution of Dither; 
Methods of Temperature Compensa- 
tion; Long-term Drift; Influence of 
Reference Voltage Magnitude. Sum- 
mary. Appendix: Multiplier Control 
Panel; Checking a Network at the 
Control Panel; Checking a Network 
in a Multiplier Slot; Adjustment of 
the x and x? Lines; Adjustment 
of Dither Amplitude and Frequency. 
References. Bibliography. 


The first question after Bob’s 
presentation came from R. M. Howe 
(University of Michigan, Ann Ar- 
bor): “How frequently do you have 
to calibrate these things in order to 
hold errors of the sort you show?” 

Bob replied that at one particular 
computer station which they did not 
calibrate for a two-week period the 
errors were in the same range as 
their temperature shift: 10 mv. 
Since they had been talking about 
over-all accuracy of 50 mv they were 
well satisfied. 

Bob was next asked, “Were the 
machines left on quite a while or 
were they turned off?” 

Bob answered that they were left 
on. “This of course would have been 
one of the fixes for the diode drift. 
We could have left the power sup- 
plies on and stabilized the tempera- 
ture. But the adjustments are done 
when the unit is out of the machine 
and cooling off. With the staff that 
we have we don’t anticipate multiple- 
shift operation. We have a slow 
warm-up process to protect the tubes, 
so leaving them on all the time 
doesn’t seem desirable—from the 
safety standpoint as well as others.” 

“How much of the dither fre- 
quency do you have in your output?” 
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Time Delay Unit Simulates Fluid Transport 


Used to Study Reactors and 
Chemical Processes 


A prominent feature of nuclear power 
plants and many chemical processes is 
the flow of fluids from one energy ex- 
change point to another. In the case of 
reactors there is the flow of coolant from 
core to heat exchanger and back; in 
chemical processes, the movement of 
chemicals from one reaction chamber to 
another. When simulating such systems 
it becomes necessary to introduce rather 
long time delays corresponding to the 
time the fluid is in transport but other- 
wise unchanged. 


The delays required are likely to fall 
in the range of a tenth of a second to 
ten seconds. Because fluid turbulence 
removes sudden changes in the temper- 
ature or chemical composition of fluids, 
the signal to be delayed usually consists 
of low frequency components — on the 
order of one cps or less. 


The EASE 1152 transport delay 
shown below was developed to cope with 
these conditions. 


Panel Controls Select Delay 
Quickly and Precisely 


Four Model 1152 delay units are 
shown above mounted in 834” of rack 
space. In operation each delay unit 
must be supplemented by three opera- 
tional amplifiers. Each unit has a 10- 
position switch (top) for selecting the 
integral number of seconds and a 10- 
turn dial (bottom) for selecting the 
fractional increment. Signal delay is 
continuously adjustable from about .010 
secs to 10.000 secs. The shape and amp- 
litude of the signal remain essentially 
unchanged. (Amplitude error is less 
than +.01% at dc and +0.3% at high- 
est specified input frequency.) In this 
respect the unit is far more accurate 
than magnetic storage delays which are 
subject to considerable dc drift. 


Precise selected 


OUTPUT 
(Delayed facsimile 
of input) 


=- 


Voltage ——» 





4 Ride cea 4 


+ 4 4 4 pe 
01234567 89 0H 12133 4 
Time in seconds 
Figure 1. Graphic representation of a 
delayed signal. 





The maximum usable delay depends 
upon input frequency. In order to oper- 
ate with specified time accuracy, the 
delay (t) in seconds should be limited to 

t= (1) 
where f is the frequency of the highest 
frequency component of interest. Thus, 
if the highest component is Icps, 1.2 
seconds is the maximum delay. The 
slower signals commonly encountered 
may be delayed for several seconds as 
diagramed in Figure 1. Moreover, maxi- 
mum delay time may be doubled, tri- 
pled or quadrupled by cascading delay 
units. The effect is to add delay times 
while preserving percentage accuracy. 


Note that it makes no difference what 
time scale is used in the problem. For 
example, if solution time is doubled, 
maximum delay time also doubles 
because frequency in equation (1) is 
reduced to one-half. 


Design Optimizes 
Accuracy, Reduces 
Need for Amplifiers 

The basis of the time delay is a cir- 
cuit which induces phase shift that 
varies linearly with input frequency. 
Thus, for example, if frequency doubles, 
phase shift doubles and time delay re- 
mains exactly the same. 


In the circuit used, phase shifts up 


Beckman? 


to 425° occur as a linear function of 
frequency. This range is a»proximately 
40% larger than that which can be 
achieved using the Padé approximation. 
Figure 2 shows phase error.of only 1.1% 
at 425°. 


The total possible error in delay time 
is equal to the phase error plus a slight 
error introduced by the finite resolution 
of the delay control. Resolution error 
amounts to only 0.25% of value for 
delays in the range of 0.4 to 10 seconds. 
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Figure 2. Phase error plotted against 
phase shift. 425° phase shift corresponds 
to maximum usable delay (t = 1.2/f). 
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Figure 3. The delay circuit used. Note 
that only three operational amplifiers 
are required. This simple circuit pos- 
sesses the complex transfer function 
required for accurate delays: 4th order 
in the numerator and 5th order in the 
denominator. 


Write for complete specifications on 
Model 1152. 


New Series of Ad Reprints 


The second seven in this series of ads 


C15 


* are now available on request. 


FASE COM POTERS 


Mfd. by Berkeley Division, 
Beckman Instruments, Inc., Richmond 3, California 
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“A good question. We have some- 
thing like 50 mv. That is fairly good.” 

Vern Larrowe (Willow Run Re- 
search Center, Ypsilanti, Mich.) 
said, “] was interested in your proce- 
dure to make these functions mono- 
tonic. We use a sort of reverse proce- 
dure to improve the accuracy of func- 
tion generators; we approximate the 
function as a straight line and then 
use the function generator to get the 
difference. You’re working it back- 
wards. Does this impair the accura- 
cy?” 

“I think I see what you're driving 
at,” Bob answered. ““When we ex- 
tract the straight line we might mag- 
nify errors in the function. With 
maximum input something like 575 
volts is required at the output, but 
most of this is extracted before the 
final stage so that the output is never 
greater than 100 volts. Thus you nev- 
er see the effect of the straight line 
and the errors are just those caused 
by the diodes.” 


Howe on Partial 
Differential Equations 


The next speaker was Dr. R. M. 
(Bob) Howe (Department of Aero- 
nautical Engineering, University of 
Michigan, Ann Arbor), who talked 
on the use of analog computers in 
the “Solution of Partial Differential 
Equations” which, like the preceding 
talk, was based on a “book”—49 
pages, including 18 figures. Again 
we will give only the section head- 
ings, and you can write Bob for a 
copy if you’re interested in the de- 
tails. (Your Ed. couldn’t abstract 
this one if he had to.) 

Introduction: Requirement for the 
Solution of Partial Differential Equa- 
tions; Importance of Error Analysis. 
Solution by Separation of Variables: 


"I'm beginning to doubt your loy- 
alty to the Ace Computer Company 
Henshaw... ." 


Basic Equation for Heat Flow; 
Method of Separation of Variables; 
Computer Circuit for Solving the 
Boundary Value Problem; Genera- 
tion of the Fourier Coefficients; 
Analog Computation of the Complete 
Series Solution; Additional Eigen- 
value Problems; Use of Normal Co- 
ordinates to Represent a Continuous 
System; General Usefulness of the 
Method of Separation of Variables; 
Solution by Difference Techniques; 
One-Dimensional Heat Flow; Esti- 
mated Accuracy of the Difference 
Method Using a Taylor Series Ex- 
pansion; Estimated Accuracy of the 
Difference Method Using Separation 
of Variables; Higher-Order Central 
Differences and Backward Differ- 
ences; Heat Flow with Mixed Bound- 
ary Conditions; Two-Dimensional 
Heat Flow; Spherical and Other 
Boundary Shapes; Change of Vari- 
able to Group Stations Unevenly; 
Solution of Heat-Flow Problems in 
Semi-Infinite Media; Non-linear 
Heat-Flow Problems; Problems with 
Moving Boundary Conditions; Dis- 
placement of Thick Beams Including 
Transverse Shear Effects; Beams 
with Damping; Stability of Beam 
Circuits; Representation of Plates 
and Built-Up Structures; Comparison 
of Passive-Circuit Methods with 
Electronic Analog Computer Tech- 
niques. References. List of Figures. 

Bob’s subject raised several ques- 
tions, particularly from our friend 
P. J. Hermann (Goodyear Aircraft 
Corporation, Akron 15, Ohio), but 
we will not repeat them here as they 
would be out of context. 


Kohr on Vehicle Ride 
Simulation 


Last speaker of the day was Bob 
Kohr, the host, who spoke on “Vehi- 
cle Ride Simulation.” Again we won't 
give details, but this time for differ- 
ent reasons: 

1. Much of what Bob* talked 
about had been presented before at 
other meetings, one of which was the 
Eastern Joint Computer Conference 
and another the National Simulation 
Conference in December, 1957. 

2. The same ground will be 
covered again at the WJCC in San 
Francisco in May. 

3. We don’t have the details. 


*We hope that at future Simulation 
Council meetings the speakers won’t 
all have the same first name!—Ed. 
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For the most part Bob reviewed 
the equations of motion for an auto- 
mobile (which are not unlike the 
equations for an airframe), showed 
some of the results obtained, and 
compared analog with digital com- 
puter (IBM 704) results. The two 
compared favorably—so Bob con- 
cluded that the digital computer was 
doing a pretty good job! 


* * * 


Tours following the meeting were 
conducted in three parts. There was 
a movie setting forth the virtues of 
the General Motors Technical Cen- 
ter, a bus trip around the Center, and 
a tour of the computer laboratory. A 
brochure is available and was dis- 
tributed which gives some facts 
about the Center. One usually ex- 
pects such a brochure to be exorbi- 
tantly complimentary. However, in 
this case the actual physical installa- 
tion very nearly lives up to the glow- 
ing words of the brochure. General 
Motors constructed this Center for 
show as well as for research, and 
when General Motors does things it 
does things in a BIG way. 

One interesting feature of Bob 
Kohr’s computer laboratory is a 
mockup of an automobile body 
which is hydraulically moved to simu- 
late an automobile ride in response 





to computer signals. Test engineers 
use the setup to obtain subjective 
evaluations of various suspension 
systems as simulated in the computer. 
The basic frequency response of the 
hydraulic system was between three 
and four cps, but had been improved 
by various techniques so that the re- 
sponse in roll, pitch, and vertical 
motion isn’t bad to about seven 
cycles. Apparently this is enough to 
give the engineers a “feel” for the 
system being simulated. 





He Went Thataway! 





Charles Sobel to Mergenthaler 


Linotype. 





Letters 
(not necessarily 
simulated) 





“Dear John: 


“I am enclosing one of our templates 
and several sheets of paper _illus- 
trating the use of the template. Please 
note that the template was designed in 
such a way that elements commonly 
used in conjunction with one another 
were placed in a logical sequence. In 
particular, note the placement of the 
diodes and potentiometers in a posi- 
tion such that they lend themselves 
to the construction of a limiter dia- 
gram. Note also the placement of the 
pot at the output of the amplifier and 
the pot in the feedback of the inte- 
grator. 


Sincerely yours, 


J. E. Sherman, Manager 
Analog Computing 

Lockheed Aircraft Corporation 
Missile Systems Division 
Sunnyvale, California” 

















Doctor: "Where does it hurt when 
you take a square root?" 


Thanks, Jack. Seems a handy ar- 
rangement (Fig. 15). The subject of 
standardizing the symbols for analog 
computer diagrams might be some- 
thing the Simulation Councils could 
help with. Some progress has been 
made, but much must be done before 
any worker in the field can read all 
other people’s diagrams. 


“Dear Mr. McLeod: 


“The enclosed report, ‘Computers for 
Aircraft Simulation’, might be of in- 
terest to engineers who are faced with 
the problem of evaluating the relative 
merits of AC and DC computing tech- 
niques with respect to a special pur- 
pose application such as the opera- 
tional flight trainer. 

“A few copies are available at the 
M.I.T. Electronic Systems Laboratory 
for general distribution. 


Very truly yours, 


Mark E. Connelly, 
Project Engineer” 


Thanks, Mark. This volume, togeth- 
er with the one you previously sent 
me, certainly present a comprehensive 
coverage of the subject. So that others 
interested can determine the useful- 
ness of these reports in their work, I 
am giving the following abstracts: 


“Simulation of Aircraft”—This _re- 
port is an outgrowth of a one-year 
study of the equations of motion and 
the computing techniques used in the 
aerodynamic computer section of Op- 
perational Flight Trainers. One of the 
objectives of the study was to stand- 
ardize and simplify, insofar as pos- 
sible, the mathematical model used to 
represent an aircraft in flight. In 
this connection, an extensive analysis 
of axis systems, basic dynamics, and 
aerodynamic coefficients was carried 
out. Digital and analog simulation 
studies were employed to determine 
allowable simplifications in the equa- 
tions of motion. The results of this 
work are summarized in the report. 


“Computers for Aircraft Simulation” 
—This report is the concluding work 
on a one-year study of the equations 
of motion and the computing tech- 
niques used in the aerodynamics com- 
puter section of Operational Flight 
Trainers. A review of the character- 
istics of basic 60 cps, 400 cps, and DC 
analog computing techniques is pres- 
ented with emphasis on the relative 
applicability of these techniques to the 
unique requirements of the OFT prob- 
lem. It is concluded that 400 eps 
techniques would give more than ac- 
ceptable performance and would offer 
substantial advantages with respect 
to cost, size, maintenance and power 
consumed. In conclusion, several sug- 
gestions are made concerning OFT 
acceptance procedures, the matching 
of the OFT to the actual aircraft, 
and standardization. 

Although the emphasis is on flight 
simulators used for training pur- 
poses, the material presented is gen- 
erally applicable to the entire field 
of flight simulation. 
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of Voltage Tolerance with 
NLS Series 50 Comparators 


NEED TO DETERMINE IF INPUT 
VOLTAGES ARE WITHIN PRESET 
LIMITS? Within 90 milliseconds, 
NLS transistorized voltage compar- 
ators indicate voltage tolerance 
through colored bulbs . . . and trans- 
mit go/no-go commands to electri- 
cal control and warning systems. 
Here are complete voltage compari- 
son systems in single, compact 
packages — ready to use in a wide 
range of applications in automatic 
go/no-go testing, decision making, 
and automatic control. Model 50 is 
for manual limit setting—Model 51 
for applications where limits are 
already in analog voltage form. Also 
available are Programmed Compar- 
ators for remote control of limits in 
automatic systems. Write NLS. 


MODEL 50 SPECIFICATIONS: Ranges: 
+9.999/+99.99/+999.9 volts... +0.01% 
accuracy easily checked against external stand- 
ard cells . . . 10 megohms input impedance . . . 
threshold sensitivity: +0.005% of full scale, 
each range . . . indicating speed: 90 millisec- 
onds ... 342” high by 15%” deep for 19” rack. 


Originator of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 
NLS — The Digital Voltmeter That Works... 
And Works... And Works! 

CIRCLE 78 ON READER-SERVICE CARD 
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NOW! A NEW CONCEPT 

IN COMPUTER DESIGN 

SETS A NEW STANDARD 

OF VERSATILITY AND VALUE! 


THE FULLY-TRANSISTORIZED 


APC-4000 
ELECTRONIC 


COMPUTING 
SYSTEM 


CIRCLE 79 ON READER-SERVICE CARD 
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The RPC-4000 is a new, fully-transistorized electronic 
computing system with the largest memory, greatest 
problem-solving capacity and flexibility in the low- or 
medium-priced field. It is the latest member of a grow- 
ing family from the people whose LGP-30 has become 
the world’s leading small-scale computer. 


Wide range of applications: the RPC-4000 has been de- 
signed for engineering, scientific, business data process- 
ing and management control functions. Such jobs as 
product and process design, statistical analysis, research, 
inventory control, payroll and sales analysis are all well 
within its capabilities. 

Easy to use: the RPC-4000 is simple to program and 
operate. Royal McBee compiling and translating routines 
allow even non-technical personnel to obtain maximum 
results. Versatile command structure gives programming 
speed and flexibility. 

Available at low cost: high capacity, flexibility and ease 


of operation make the RPC-4000 the outstanding com- 
puter value on the market today. 


Minimum operating costs: the RPC-4000 requires no site 
preparation or special maintenance. It is powered from 
any ordinary wall outlet. 


ee... eee. 





Continuing assistance: users benefit from free training, 
an information exchange service, and library of programs. 


Heart of the RPC-4000 system is 
a new transistorized computer with 
advanced design concepts that pro- 
vide substantial computing speed 
and capacity in a low-cost unit. 
Magnetic memory drum stores 8008 
words. Operating speeds are as 
high as 230,000/minute. 


Standard input-output is a tape 
typewriter system which includes a 
Royal electric encoding- decoding 
typewriter complete with desk and 
chair, plus a tape punch-read con- 
sole. Read speed is 60 characters/ 
sec., punch speed 30 characters/ 
sec. Typewriter, punch and reader 
may be interconnected in any com- 
bination for both on-line and off- 
line operations. 


A new 500 character/sec. photo- 
electric tape reader and a 300 
character/sec. punch are available 
as optional input-output equip- 
ment. A magnetic tape unit and a 
line printer will be available soon. 
As many as 17 input-output devices 
(60 with minor modification) may 
be connected on-line to the basic 
system. All peripheral equipment 
is under automatic program con- 
trol of the computer. 


Royal Precision Corporation 


Royal Precision is jointly owned by the Royal McBee and 
General Precision Equipment Corporations. RPC-4000 sales 
and service are available coast-to-coast, in Canada and abroad 
through Royal McBee Data Processing Offices. For full, de- 
tailed specifications on the new, transistorized RPC-4000, write 
ROYAL MCBEE aiata processing division, Port Chester, N. Y. 
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FIG. |. THE ANALYZER in explosion- 


proof housing. Layout follows that 
shown in Fig. 2. 


NEAR-IR SPECTROMETER ANALYZER 


This infrared plant-stream double-beam spectrometer analyzer operates in 
the near infrared, uses a lead sulphide photoconductive detector, electric 
ratio recording, a reflection grating for the dispersing element, a germanium 
filter to remove higher orders, and magnetically-operated sealed-glass switch 
rectifiers. It is used to analyze for 25% n-propyl alcohol in n-hexane. 
Features include low cost, versatility, sensitivity, and low maintenance. 


A. M. BARTZ, The Dow Chemical Company 


(CC oncentnarion of n-propyl alcohol (app. 
25%) in a stream of n-hexane is to be con- 
trolled within +1%. The problem is that of provid- 
ing a signal proportional to the concentration of 
this n-propyl alcohol. The percent transmission of 
infrared through a sample is proportional to this 
concentration; this is measured by an_ infrared 
analyzer. 

The principle often used in double-beam spec- 
trometers to measure percent transmission is that of 
the optical null. Here an optical attenuator is 
driven into the reference beam by a servo motor 
until the reference beam intensity is equal to that 
of the sample beam. The position of the attenuator 
is then a measure of the percent transmission. In 
plant stream analyzers, where the recorder is usual- 
ly far removed from the analyzer, the attenuator is 
positioned by selsyns. However, this arrangement 
requires precision parts for the attenuator, and span 
adjustment is difficult; it is more desirable to record 
percent transmission without using a moving at- 
tenuator. This can be done by obtaining an elec- 
trical measure of the intensity of each beam and 
recording the ratio of the two signals. The method 
used in this analyzer to obtain an electrical measure 
of the intensity of each beam is that of chopping 
the beams at different frequencies, permitting 
signal separation on a frequency basis. 
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The first step in designing any infrared analyzer 
is to look at the infrared spectrum of the constituent 
to be measured and those of the constituents of the 
rest of the stream to select a sensitive wavelength. 
It is fortunate if this constituent has a usable ab- 
sorption band in the near infrared (0.7 to 3 
microns) for the following reasons: 

(1) Source energy (due to the black-body radia- 
tion curve) is greatest in the near IR. 

(2) Sensitive photoconductive detectors can be 
used in the near IR. 

(3) The near IR represents the overtone region 
where molecules absorb radiation much less strong- 
ly than they do in the normal (fundamental) in- 
frared region, allowing the use of cells with longer 
path length. This eliminates some sample-flow 
problems. 

(4) Inexpensive glass transmits near-infrared 
radiation and hence can be used for the optical 
components. 

(5) Commercially available and inexpensive 
glass-sealed lamps serve acceptably as a source of 
near-IR radiation. 

It was found that n-propyl alcohol has an over- 


tone band at 2.08, which is used in this analyzer. 


Optics 


The operation of the analyzer is easily shown by 
following the optical path of the light (Fig. 2). The 





FIG. 2. OPTICAL path of the 


near-IR spectrometer. 
=_—_— — 


























source S$ is a standard commercial projection lamp. 
Its glass envelope, except for a window, is alumi- 
nized by vacuum evaporation to remove spurious 
light. The light from the reference beam source 
mirror Mz is chopped at 58 cps by the outer part 
of the chopper C, passes through a glass focusing 
lens Lr, and is reflected by plane mirror M;. The 
beam-splitter plate (B. S.) has a polka-dot pattern 
of evaporated aluminum spots that transmits one- 
half and reflects one-half of the light falling on it. 
The reflected half of the reference beam is lost, 
while the transmitted half is focused on the en- 
trance slit F. 

The light from the sample beam mirror Msg is 
chopped at 24 cps by the inner part of chopper C, 
is passed through the sample cell (S. C.) where it 
is attenuated due to absorption by the sample, 
passes through focusing lens Ls and has one-half 
reflected by the beam splitter B. S. to a focal point 
at the entrance slit F. In this beam the half trans- 
mitted by the beam splitter is lost. Skipping the 
function of the optical filter F for the moment, the 
now combined beam is reflected by plane mirror M2 
onto the collimating mirror M3. The light leaving 
Ms is parallel and fills out (totally illuminates) the 
grooved reflection grating C, which disperses the 
light into a spectrum that is presented at the exit 
slit by mirror My. The angle of the grating with 
respect to Ms; and My, determines the wavelength 
that will fall on the exit slit. Higher-order wave- 
lengths than the one of interest also would fall on 
the exit slit, but these have been removed by the 
zinc-coated germanium filter F. The grating angle 
and hence the wavelength is adjustable by the 
micrometer screw (M. S.), allowing this analyzer 
to be adapted readily to other problems. 

The light from the exit slit is focused by lens La 
onto the lead sulphide photoconductive detector 
D.* 


Construction 


The analyzer is mounted in an explosion-proof 
housing with outside dimensions of approximately 


*Eastman Kodak “Ektron” detector 4x4 mm 
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21” x 14” x 9” (Fig. 1). The orientation of the 
components is shown in Fig. 2. The light-beam 
chopper is visible with the inner portion having a 
180° opening, while the outer portion, which is 
adjustable with respect to the inner portion for 
phasing, has two 90° openings. The 24-mm sample 
cell has %” stainless steel tubing leading through 
the analyzer housing and tapping into the plant 
stream. The analyzer is located as close to the plant 
stream as possible for minimum velocity-distance 
delay in its response. The response of the analyzer 
itself is essentially instantaneous. A sample flow of 
approximately 10 cc/min, which can be returned to 
the plant stream or collected, is sufficient for fast 
continuous analysis. The rectifiers are visible near 
the drive motor in lower left corner. The electronic 
chassis also is in an explosion-proof housing (same 
size) with all interconnections made through sealed 


conduits. 


Adjustments and Performance 

As an electric signal representing each beam is 
available, it is possible to adjust the span and op- 
erating range simply by adjusting two potentiom- 
eters. This is particularly convenient during plant 
startup where concentrations may vary greatly, 
but it is desirable that they be known. For example, 
during startup the analyzer can be made to read 
full scale for 0% to 100% concentration change; 


after the process has settled down it can be ad- 
justed to read full scale for 20% to 30% concentra- 


tion change. It could also read 0% to 10% or 
40% to 50%, as desired. 


This analyzer has a random noise level cor- 
responding to a 0.01% change in concentration of al- 


cohol. The operating range can be anywhere be- 
tween 0% and 100%, although with reduced sensi- 


tivity for concentrations far removed from the ex- 
pected concentration for which the instrument was 


specifically designed. When operating near the 
intended concentration this analyzer will detect a 
change in concentration of n-propyl alcohol of 0.1%. 


Electric Signal 
The electric signal from the detector consists of 
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FIG. 3. SCHEMATIC of signal amplifier (top right), 


separator and recorder (bottom) and power supply 
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a superposition of the 24-cps sample beam signal 
and the 48-cps reference beam signal. This is am- 
plified by the preamp and then fed to the input of 
the two channels of the main amplifier for further 
amplification and separation of the two signals 
(Fig. 3). Separation of the signals is accomplished 
by the use of frequency-sensitive electric-network 
band-pass and band-reject filters. The 24-cps chan- 
nel has a 24-cps reject filter (parallel-tee)** in the 
feedback loop of a 6SJ7, so the output will be 24-cps 
bandpass. The 48-cps component is further re- 
duced by having a reject filter in series. The reject 
filters are hermetically-sealed units and are denoted 
in the electrical schematic by a square with the re- 
ject frequency marked on it. 

The 48-cps channel is identical except that the 
position of the filters is reversed. The output stage 
of each channel is a cathode-follower with a trans- 
former to match the low input impedance of the 
recorder. At the output of the amplifier we have 
an alternating 24-cps signal (which is a measure of 
the intensity of the sample beam) and an alternat- 
ing 84-cps signal (a measure of the intensity of the 
reference beam). Before these signals can be 
ratioed electrically by the recorder, each must be 
converted to de. This requires a synchronous recti- 
fier for each frequency. 

Usually a rectifier for this purpose is a cam-driven 
lever switch. The cam is mounted on the same 
shaft as the beam chopper to make the action syn- 
chronous with the light signal. This arrangement 
is subject to wear, leading to required maintenance. 
This analyzer uses rectifiers that have no sliding 
surfaces. Each rectifier consists of two sealed mag- 
netically-operated glass switches (normally open) 


**TT Electronics, Inc. Culver City, California 
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with a horseshoe magnet nearby to close them, and 
an iron vane which (when between a switch and 
magnet) acts as a magnetic shield and allows the 
switch to open. One of the four switches is shown 
in Fig. 2. Here also synchronous rectification is 
accomplished by mounting the iron vanes on the 
same shaft as the light-beam chopper. Phasing of 
the rectifiers is adjusted by rotation of the vanes 
with respect to the light-beam chopper while tim- 
ing is adjusted by varying their angular width. 

The full-wave rectified signals are filtered and 
fed into a measuring circuit in the recorder so that 
the recorder slidewire position, or pen position, is 
the ratio of the 24-cps sample beam intensity to the 
48-cps reference beam intensity, or percent trans- 
mission. The recorder then can be calibrated to 
read directly in percent concentration of the 
sample. The 48-cps reference beam signal is put 
across the recorder slide wire through a lk, 10-turn, 
span-control resistor. A fraction of the changing 
(due to sample absorption) 24-cps sample beam 
signal is taken from a lk, 10-turn, scale-shifting 
potentiometer and balanced against the recorder 
slidewire. 


Conclusion 


This analyzer has more than sufficient sensitivity 
for this particular problem, is unusually versatile in 
that span-control and scale-shift adjustments are 
simply potentiometer settings, is adaptable to other 
problems and requires little maintenance. 
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TYPE EAT40 AIR-CONTROL TEMPERATURE REGULATOR 


In a recent installation the new Spence 
air-control temperature regulating sys- 
tem provided: 

e +5°F control accuracy under wide 
and instantaneous load swings of 210 
to 80 gallons per minute. 

e Upto 50% reduction in cost as com- 
pared to instrument systems of simi- 
lar accuracy. 

This unique cascade-type control with 
throttling range adjustment independ- 
ent of maximum heater pressure was 
developed to meet today’s demand for 
greater control accuracy. 

Additional features of the new Spence 
Temperature Control System include: 
° 200°F wide adjustable temperature 

range 

e Adjustable speed of steam pressure 
change 


¢ Over and under temperature pro- 
tection 

¢ Pressure limit control 

¢ last response 

® Very low air consumption 

¢ Field reversible for heating or cooling 
The Spence Type EAT Air Control 


Temperature System, when properly in- 
stalled, will tame wide ranging, fast 
changing loads of instantaneous heat- 
ers and modern heat exchangers. The 
cascade principle plus the use of an 
extremely fast responding bi-metal tem- 
perature sensing element reduce time 
lags and provide control stability. 
Here’s how the 
new Spence system operates: 
Quick response is based on a bi-metal 
temperature sensing element. 

CIRCLE 80 ON READER-SERVICE CARD 


Temperature pilot continuously reg- 
ulates a loading air pressure. 

This loading signal, when applied to 
a pressure regulator to reflect heater 
temperatures, causes it to adjust the 
main valve as changes in load require. 

Spence has also developed a new 
pressure control system based on this 
same cascade principle. This system has 
a control accuracy of ¥2 psi or better 
from positive pressures through the 
vacuum range to 30” Hg. 


For complete information on these 
new air controlled temperature and 
pressure control systems, write for 
your copy of Bulletin 9. 


SPENCE ENGINEERING COMPANY, INC. 
Walden, New York 


SE-148A 
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FATIGUE TESTING SYSTEM RECORDS FLEXURE VS FORCE 


When a specimen is flexed, it often is desired to 
have a graph of flexure (magnitude of displacement) 
versus rate of deflection (applied force). This system 
produces such a record on an x-y recorder. 

The specimen is flexed by the power cylinder, which 
is controlled by the Timer shown. The timer controls 
two solenoid valves (A and B), which control the 
hydraulic 4-way valve for operating the power cylinder. 

The magnitude of specimen flexure is simply de- 
tected by a differential transformer, marked Motion 
Transmitter. Its output is fed to the Y-axis of the x-y 
recorder. 

The force is measured from the differential of 
pressures applied to the power cylinder. This is meas- 
ured by a DP Transmitter, again using a differential 
transformer. One x-y recorder accommodates 5 testing 
machines. 

Equipment used: Atcotran Motion Transmitter; At- 
cotran D-P Transmitter; ATC Duo-Set Timer Control 


POWER 
CYLINDER 

















Panel; Atcotran x-y recorder; Solenoid-controlled 4- 
way valve and hydraulic system (supplied by cus- 
tomer. ) 

Source: Automatic Timing & Controls, Inc., King 
of Prussia, Penna. 


BUTTERFLY VALVES USED IN ATTEMPORATOR (DESUPERHEATER) CONTROL 


Attemporator (desuperheater) control, formerly an 
exclusive domain of plug-type valves, has, with in- 
creasing line sizes, become a field for application of 
butterfly valves. Butterfly valves offer several advan- 
tages: small face-to-face dimensions, low pressure-loss 
and high capacity, flow characteristics similar to 
equal-percentage plugs, low maintenance, and low 
cost. The system shown controls the temperature of 
steam to a turbine in order to safeguard the turbine 
buckets from erosion or metal fatigue due to excessive 
temperature fluctuation. Two butterfly valves are 
used—one in the secondary header leading from the 
mud drum to the steam turbine, and another in a by- 
pass line between the primary and secondary headers. 

At high turbine loads, the steam passes from the 
primary header through the mud drum. At low loads, 
it bypasses the drum and reaches the turbine directly. 
A temperature controller (TC) of simple design, hav- 
ing proportional mode of control only, located before 
the turbine inlet in the secondary header, determines 
the routing of the steam. Its split-range signal is 
piped to the cylinder actuators of both valves; it 
closes the reverse-acting valve A (in the bypass) while 
opening the direct-acting valve B (in the outlet from 
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the mud drum) when the load increases, and vice 
versa. 

An overriding load controller (not shown) con- 
nected across the air-flow connections of the boiler, 
anticipates a higher demand by closing the bypass 
valve (A), directing more steam through the mud 
drum for attemporating. A stop in the bypass valve, 
at 25°-open, prevents total closing. A is an 8” valve; 
B is a 6” valve, conforming to the smaller size of the 
secondary header. 

Source: Continental Equipment Co., Div. of Fisher 
Governor Co., Coraopolis, Penna. 





NATURAL GASOLINE PLANT SEPARATOR SEPARATES 
RAW STOCK INTO GAS, LEAN OIL AND RICH OIL 
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In the Separation, Absorption and Re-cycling Sec- 
tion of a refinery plant handling natural gas used as 
raw feed stock, the gas is first chilled, and the water 
and petroleum condensate removed in two separators 
(A and B). 

Next, the less volatile hydrocarbons in the gas are 
removed in absorbers (C and D). A “lean oil” from 
farther along in the process (top right) is introduced 
into the top of the main absorber (C) and sales gas 
absorber (D) to flow counter-current to the gas, which 
is introduced at the bottom. The lean oil absorbs the 
less-volatile hydrocarbons but does not absorb the gas. 
In this process the oil becomes enriched and is drawn 
off as rich oil from the bottom of the absorber, from 
where it goes to the reabsorbers. 

The gas in the absorption and condensate system, 
after removal of the hydrocarbons, is used (1) as fuel 
in the process itself, (2) part is sold to consumers as 
sales gas, and (3) the remainder (practically all 
methane) is pumped or recycled back into the earth 
through injection wells for storage and future use. 

The raw stock reaches the plant at high pressure 
(2450 psig) and high temperature (130°F) and is 
first cooled in a cooler to 90°F before it reaches the 
high-pressure separator from which it leaves with a 
pressure of 1800 psig and temperature of 90°F. Con- 
trol of the inlet valve (E) is exercised by a pressure 
controller (PRC-2) which senses the pressure in the 
main absorber. 

Part of the main process stream goes through a 
heater (instead of to the cooler) and combines with 
the outflow from separator A; it then goes to the con- 
densate system to be sold to the consumer. The tem- 
perature in the sales gas separator (B) is 95°F. From 





the top of the high pressure separator (A) the gas 
piped back to the injection wells for storage goes 
through the main gas absorber; likewise, from the 
top of the sales gas separator the surplus goes to the 
sales gas absorber where the less-volatile hydrocarbons 
are eliminated, as described. 

Three valves control the system. One (valve E) con- 
trols. flow of input raw stock. It is controlled by the 
pressure in the main absorber via PRC-2. 

The second valve (G) controls the flow of heated 
input gas into the second (sales gas) separator. It is 
controlled from the pressure in the sales gas absorber 
via PRC-1. The third valve (F) controls flow of lean 
oil to the sales gas absorber directly via FRC-1. 

Other instrumentation consists of three Type R112 
flow recorders. FR-1 receives its primary signal from 
a d-p transmitter in the raw stock supply line; flow 
recorder FR-2 records the flow of gas to the gas in- 
jection wells; FR-3 records the flow of lean oil to the 
main absorber. 

All three control valves are operated by Type 132 
Electropneumatic valve positioner, and are single 
seated for tight shut off. Line sizes are smal! as the 
whole system works under pressures between 800 and 
2450. psig. The three Microsen R112 recorders, the 
PRC’s and the FRC (Type C-110) are all electronic 
instruments, as are the pressure transmitters (Type 
145) and the differential-pressure transmitters (Type 
154). The transmitters work on a force-balance princi- 
ple. Output currents vary from 1.0 to 5.0 ma de, linear- 
ly proportional to input pressure or flow. 

All controllers have proportional plus reset action. 

Source: Manning, Maxwell & Moore, Inc., Stratford, 
Conn.; also Application Bulletin 6.1. 
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Wherever Industry Requires 


TYPE 2500-2598 


FISHER PROVIDES 3 BASIC LEVEL-TROLS 





Fisher Level-Trols operate on the displacement float principle. This, in conjunction 
with a torsional spring or “torque tube” transmits level changes to the pilot, and 
provides the simplest and most effective means yet discovered for accurately and 


continuously measuring liquid level or specific gravity. 


The basic simplicity of the design makes the operation of these controllers virtually 
friction free and accounts for the great popularity they have achieved throughout 


the industrial world; particularly in the process and power industries. 


TYPE 2300-249 
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Type 2500, 2502 or 2300 
LEVEL-TROLS 


Dependable Liquid Level Control 


THE POPULAR TYPE 2500 PROPORTIONAL CONTROLLER 


A compact and economical liquid level controller, the Type 2500, 
provides a proportional band adjustment up to 100%. It is 
pneumatically operated and level position is manually adjustable 
for quick and simple selection of set point. The 2500 is suitable 
for 3 to 15 psi or 6 to 30 psi output ranges and the action of 
the controller can be easily reversed in the field. It mounts on 
all standard Fisher Level-Trol float cages. 


TYPE 2502 PROPORTIONAL CONTROLLER WITH RESET 


This controller is the most complete single unit liquid level 


controller available today. It includes, in the same size case, all 
the features of the Type 2500, plus reset action. It therefore, 
automatically, brings the set point back to its original position 
and assures absolutely stable control. Reset rate is adjustable 
from .005 to 1 minute per repeat. 


TYPE 2300 ELECTRONIC LEVEL-TROL 


Explosion-proof design and external adjustments for propor- 
tional band and liquid level set point, make the Fisher Electronic 
Level-Trol ideal for use in hazardous locations. Available for 
output DC signals 1 to 5 ma, 4 to 20 ma or 10 to 50 ma. Has 
plug-in converter with printed circuit. 


IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT’S CONTROLLED BY.. 


FISHER GOVERNOR COMPANY 


Marshalltown, lowa | Woodstock, Ontario | Rochester, England 
BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIP. CO., CORAOPOLIS, PA. 


CIRCLE 30 ON READER-SERVICE CARD 
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METER ASSOCIATION 
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N ORIFICE METER measures the differen- 

tial pressure produced across a restriction 

placed in a flow line. One measurement tech- 
nique balances the differential pressure against a 
column of mercury in a U-shaped tube, as in the 
conventional mercury-type meter; the other tech- 
nique balances the differential pressure with a bel- 
lows and calibrated springs (Fig. 1). 

A modern bellows-type orifice meter comprises 
a center plate with a bellows mounted on each 
side of it. The ends of the bellows are connected 
by a solid stem passing through an angular hole in 
the center plate. The interior of the bellows and 
center plate are completely filled with a liquid and 

“then sealed. This constitutes a frictionless piston, 
free to move from one side to the other as pres- 
sure is applied to the outside of the bellows. Pres- 
sure applied to the exterior of bellows causes its 
volume to decrease; liquid is moved to the opposite 
bellows, which increases in volume. This results in 
a linear movement along the axis of the bellows. 
The motion, proportional to the differential pres- 
sure appliéd, is picked up by a drive arm connected 
to a torque tube. 

The torque tube transmits the motion to pointer 
or pen arm or other indicating or recording device. 
The tube requires no lubricant or packing and 
offers a positive seal against pressure; no leaks are 
possible. It has a certain amount of preload so there 
is no backlash as the meter travels from full-range 
to full over-range. As the drive arm and the torque 
tube are located on the interior of the bellows and 
center plate assembly and never come in contact 
with the measured fluid, corrosive fluids have no 
effect on the meter. 





THE NINTH ANNUAL INSTRUMENT SHORT 
COURSE wil! be presented Tuesday, April 12, and 
Wednesday, April 13, 1960, at the Los Angeles Harbor 
College. As in the past, the Southern California Meter 
Association is co-sponsoring this event with the coopera- 
tion of its members. For exhibit information: Maynard 
Strader, Chairman, Exhibits Committee, 9th Annual In- 
strument Short Course, Southern California Meter Asso- 
ciation, Union Oil Co. of Calif., P.O. Box 758, Wilming- 
ton, Calif. 
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BELLOWS-TYPE 


A real “bug” in early bellows meters, as well as 
in the conventional mercury meter, was the dam- 
aging effect of over-range. Today, however, in- 
ternal valves allow the bellows meter to withstand 
full line pressure against one side, even though 
the differential range of the meter is only a frac- 
tion of the line pressure. For example, if we use 
a meter with a range of 20” W.C. on a line with 
static pressure of 4500 psi, the full 4500 psi can be 
impressed on either the high- or low-pressure side, 
with the other side open to atmosphere. The meter 
will not be damaged, nor will there be change in 
calibration or shift of zero. 

This protection is achieved by mounting valve 
seats as an integral part of the high- and low-pres- 
sure side of the center plate around the annular 
opening, as shown in Fig. 1. The center stem pass- 
ing through the annular hole has a special valve 
with O-ring seats mounted on both the high- and 
low-pressure side and so positioned to allow for 
back-travel, full calibrated movement, and over- 
travel. As the valve stem moves through its cali- 
brated travel into an over-range position, the O- 
ring valve on the stem seats against the valve seat 
on the center plate, preventing additional transfer 
of the non-compressible fill liquid. Once the valve 
is closed the bellows on the higher-pressure side is 
under no differential because the pressure of the 
liquid inside will be the same as the pressure ex- 
erted outside. 


Ambient Temperature Compensation 


The meter should not be sensitive to variations 
in ambient temperature due to thermal expansion 
and contraction of the fill liquid. This temperature 
compensation is achieved by mounting a second- 
ary bellows on the extreme end of the high-pres- 
sure bellows. This extra bellows is connected 
through a passage in the inner cup of the high- 
pressure bellows to the balance of the system, but 
is not connected to the center stem. It is free to 
change volume as the fill fluid expands and con- 
tracts. As the action of this compensator bellows 
in no way affects the main bellows and connecting 





stem, calibration is not affected. Tests show that 
the bellows unit for this type of meter has a tem- 
perature drift of only 0.2 to 0.4% per 100°F change 
in ambient temperature. This compares with ap- 
proximately 3% shift in calibration in the conven- 
tional mercury-type manometer for the same tem- 
perature change. 


Range Springs 

Both the bellows and the torque tube act as a 
spring and, if used alone, would calibrate to about 
18” W.C. In order to obtain the popular differen- 
tial ranges used in flow measurement (20”, 25”, 
50”, 100” and up to 400”), additional spring load- 
ing of the bellows unit is necessary. This is done 
by adding a spring to the outside of the low-pres- 
sure bellows. The springs are always under ten- 
sion and increase tension as the meter goes up- 
scale. They are made up in integral assemblies 
marked with the ranges they produce and thus it 


TORQUE-TUBE SHAFT —. 
TORQUE TUBE O° RING SEAL 


FOLLOWER ARM 


HICH PRESSURE BELLOWS 


- oe 
DAMPENER RESTRICTION RING <f 


HICH PRESSURE OVER-RANCE VALVE 
HIGH PRESSURE HOUSING 
TEMPERATURE COMPENSATOR 
DAMPENER VALVE °O” RING SEAL 


CENTER PLATE 





W. S. CHRISTIAN 


Barton Instrument Corporation 


is economical and easy to change ranges. Range 
springs are made of Iso-Elastic material. 


Damping 


When used where pulsation is present, the bel- 
lows flowmeter can be furnished with an internal- 
ly adjustable pulsation damper. The full-scale re- 
sponse can be changed from about 2 seconds (un- 
damped) to 4 or 5 minutes (damped). 

This damping action is accomplished by placing 
a free-floating restriction on the stem near the an- 
nular hole in the center plate. Also, a needle valve 
is placed in the by-pass for the fill liquid. As the 
needle valve is adjustable from the outside while 
the meter is in service, proper damping can be 
achieved quickly when pulsation presents measure- 
ment problems. When the needle valve is wide- 
open (undamped), the response rate is about 2 
seconds. The restriction ring which causes the 
liquid to by-pass is free floating and the instru- 


DAMPENER VALVE PLUG _ 


FIG. 1. CONVENTIONAL manometer-type flowmeter (left) and bellows-type flowmeter (right). 
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FIG. 2. BELLOWS-TYPE flow recorder on portable 


well tester. 


ment will remain “alive” even though the needle 
valve is closed completely. This eliminates the pos- 
sibility of errors that could occur should the damper 
be accidently closed completely. 

Housings are fitted with pipe connections at the 
highest and /owest point on either side, thus mak- 
ing the instrument both self-draining and self-vent- 
ing, depending on the type of service. 

Bellows are of special design and feature long 
life and linear characteristics. The fluid being 
measured contacts only the inside of the housing 
and the outside of the stainless-steel bellows and 
does not come in contact with any parts that affect 
calibration. 


Applications 


Bellows-type flowmeters are being used in thou- 
sands of conventional flowmetering situations, but 
the following uses show how the special features of 
this flowmeter are put to work in unusual flow- 
metering problems. These features include (1) 
ability to be over-ranged, (2) stainless-steel and 
mercury-free construction, (3) self-draining and 
self-venting feature, (4) no need for “leg of liquid” 
correction, (5) ability to handle high-pressure 
fluids, (6) relative insensitivity to vibration and 
pulsation effects (as both high- and low-pressure 
bellows have same areas, there is little tendency to 
“pump up” when standing waves are present; also, 
as the bellows meter has low inertia, it can follow 
rapid flow variations without over- or under-shoot- 
ing). 

Valve qualification tests often require measure- 
ment and correlation between flow rate, pressure 
drop and valve opening. The differential pressure 
must be measured across the valve as the valve is 
traversed from full open to full shut and back again. 
The importance of the over-range feature can be 
appreciated when one considers a system wherein 
the static pressure is at 4500 psi. With the control 
valve being tested full open the pressure drop 
across it may be only a few inches of water. As the 
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valve is closed the pressure drop increases and may 
reach 200” W.C. when the valve is just off its seat. 


A fraction of a second later the valve seats and full 
4500-psi differential is imposed across the meter. 
Before the advent of the bellows meter, this type 
of test procedure was practically impossible. 

In the food and beverage industry the measure- 
ment of flow rate with a bellows-type meter with 
its stainless-steel construction and its lack of mer- 
cury or contaminates cannot be over-emphasized. 
In this industry we are not only dealing with the 
obvious limitations placed on it by the Pure Food 
& Drug Act but must also be cognizant of the more 
subtle considerations such as taste and color. 

Measurement of flow rate through filters in a 
water-treatment plant used on swimming pools is 
a matter of public health. Many states and counties 
have set up minimum standards of filtration. There- 
fore, it is common practice to measure either the 
flow through the filters or the pressure drop across 
the filters. Here again, freedom from contamination 
by the measuring device is a factor in selecting the 
bellows-type meter. Many local bodies governing 
public health either have outlawed or discouraged 
the use of mercury, and also the use of instruments 
employing glass bodies. 

Many common process-plant fluids such as am- 
monia, SOs, HS, caustics, acids, etc., now can be 
measured safely by using bellows-type flowmeters. 

High pressure can have two undesirable effects 
on conventional meters—leakage and friction caused 
by heavy loads on the thrust bearings make mainte- 
nance a problem and often necessitate venting of 
the case when inflammable or toxic fluids are being 
measured. The torque tube incorporated in the bel- 
lows meter is immune to these problems and vent- 
ing is unnecessary. 

The conventional manometer’s accuracy depends 
on a constant relation between the relative cross- 
section areas of the high-pressure and low-pressure 
chambers as well as the constant relationship be- 
tween the float and the meniscus of the mercury. 
High pressure can change both of these relation- 
ships and affect accuracy. Also, when measuring 
liquids with a manometer type of instrument, or 
when using a liquid seal to protect the manometer 
against corrosive gases, a correction must be made 
for the leg of liquid over the mercury. When meas- 
uring gases at high pressure, the effect of the dis- 
placed leg or gas with its greatly increased density 
can have a serious effect. For example, in measur- 
ing natural gas at a pressure of 3000 psia, the error 
introduced by the density effect alone is approxi- 
mately 1.6% of the total differential range. In the 
bellows-type meter the differential pressure is not 
balanced by a leg of liquid; therefore, these cor- 
rections are unnecessary. 

In many processing plants, ambient temperature 
changes widely. The superiority of the temperature 
compensation inherent in the bellows-type meter 
cannot be over-emphasized. 

The design of the bellows-type meter permits 





the use of various fill liquids in the bellows cor- 
responding to the temperature conditions that will 
prevail in the fields where they are used. The stand- 
ard fill consists of a stabilized 50-50 mixture of 
ethylene glycol and distilled water and is suitable 
for operating temperatures from approximately 
—60°F to 200°F with short-term peak temperatures 
up to 225°F maximum. If the meters are for use in 
areas such as Montana, Wyoming and Canada 
where extremely low temperatures are commonly 
encountered, they may be filled with varying mix- 
tures of alcohol and water enabling them to operate 
in temperatures as low as —90°F. 

Of interest in areas where wet gas is produced 
is the bellows-type meter’s ability to cope with 
condensate and oil carry-over conditions. The con- 
ventional meter forms a natural trap for condens- 
able liquids because connections to the high- and 
low-pressure sides are located at the top. A build- 
up of condensate tends to increase or decrease the 
recorded differential. In fields where condensate is 
a problem the meters must be checked for zero at 
frequent intervals and, if a shift has taken place, 
the instrument must be dismantled and cleaned. 
Operators have gone to great extremes to provide 
meters with condensate chambers and accessory 
equipment in order to protect them. This, however, 
adds to the initial expense and still requires vig- 
ilance on the part of the operator. 

In the bellows-type meter, condensate and oil 
carry-over represent no measurement or mainte- 
nance problem. Both the high- and low-pressure 
housings are fabricated with pressure connections 
at both the highest and lowest point, and thus do 
not form traps. When measuring condensable gases, 
or when faced with oil carry-over problems, these 
meters are mounted above the flow line with the 
impulse lines from the orifice assembly sloping 
up to the bottom connections. If condensation or 
oil carry-over takes place, it simply drains back 
in the line. If gas with viscose crude “slugs” is be- 
ing measured, the pressure housings can be rotated 
so that the connections are located at the bottom, 
providing larger area openings and more effective 
draining. 

If periodic cleaning is desired, the pressure hous- 
ings may be simply flushed with a solvent without 
removing them from the meter body, since each 
is supplied with two connections. Even under the 
worst conditions, where sand has entered the meter 
body and becomes caked on the bellows in the 
presence of heavy oil, the heads need only to be 
removed and the bellows washed with cleaning 
solvent and a soft brush. 

Salt water will attack the housing, pivots, and 
links of conventional flowmeters, and will usually 
carry with it sufficient sand and pipe scale to cause 
a build-up of foreign material on the high-pres- 
sure side of the meter, affecting calibration. Bel- 
lows-type meters, with their sealed type-316 stain- 
less-steel construction, are immune to the effects 
of salt water. 

Common practice dictates that meters used in 
measuring liquids should be placed below the flow 


bye: 


FIG. 3. BELLOWS-TYPE flow recorders in water flood 
service. Salt water, gas or LPG is injected to increase 
oil recovery. 


line, so that the advantages of self-venting can be 
incorporated. However, this sometimes presents 
practical problems in bleeding the lines, especially 
when a system is subject to frequent shut-downs. 
Although bellows meters may be installed in this 
way, they are readily adapted to installation above 
the flow line with the impulse lines sloping up to 
the bottom connections. In this type of installation, 
vent valves are frequently installed ‘in the upper 
connections, thus providing a rapid ‘means of pres- 
sure bleeding. This type of installation is not pos- 
sible with conventional meter because over-range 
would result when one of the vent valves is 
“cracked.” Installation of a meter in this fashion, 
while not following recommended practice, does 
solve some practical problems. 

Nowhere is precision of measurement more 
sought after than in the gas utility field. Current 
practices are concerned with accuracies in the 
neighborhood of 4%. With demands of this sort, 
the comparisons for variations due to temperature 
and pressure between bellows-type meters and 
their mercury-actuated counterpart cannot be over- 
looked. In gas utilities, as in process plants, in- 
stallation cost often can be cut due to the fact that 
no leakage exists and case venting is unnecessary. 


The Economics of Flow Measurement 


The cost of flow measurement can be listed as 
follows: 

1. Cost of meter. 

2. Cost of installation, including piping, manifolds, 
protective device, etc. 

3. Cost of a maintenance program to insure sus- 
tained accuracy. 

4. Cost of product or loss occurred when measure- 
ment errors exist. 

The cost of bellows-type meters is normally a 
little higher than the mercury type. However, the 
rising cost of mercury has reduced this difference. 
The additional cost of drip pots, condensing reser- 
voirs, leveling saddles and complex piping and valv- 
ing necessary in mercury-type installations often 
gives the bellow-type meter an economic advan- 
tage. 
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Lepel 


HIGH FREQUENCY 

INDUCTION 

i, Dy. HEATING 
p UNITS 


Lepel induction : 
/ heating equipment represents % 
f/ the most advanced thought in the 
‘ field of electronics ...the most prac- 
tical and efficient source of heat 
developed for numerous indu | 
applications. You are invited C 
samples of work with specifications 
Qur engineers will process and re 
turn the completed job with full data 
and recommendations without cost 
or obligations 


TYPICAL INDUCTION 
HEATING APPLICATIONS 


PLASTIC COATING 
OF TOOL HANDLES 


A production line operation for 
coating handles of tools at Whitney 
Metal Tool Co., Rockford, Ill. uses 
induction heating with excellent re- 
sults. The handles only are heated 
by induction to the desired tem- 
perature then dipped into a vinyl 
chloride base coating material for 
a short period depending upon the 
thickness of coating desired. The 
plastic coating formed on the han- 
dies is then cured by immersion in 
a carbo-wax bath. 


FORMING OF METAL STRIP 
FACILITATED BY 
PROGRESSIVE ANNEALING 
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“TC site STRIP gery P AFTER 
INDUCTION COIL PRELIMINARY FORMING 
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Metal forming operations which 
require intermediate anneals to re- 
store ductility can be facilitated by 
induction annealing the strip pro- 
gressively. Diagram illustrates this 
procedure for partially formed thin 
austenitic stainless steel strip. The 
induction annealing operation is 
scheduled in the production line 
between two press operations. 
Metal strip and wire of other mate- 
tials are also induction annealed 
in this manner. 


WRITE FOR NEW LEPEL CATALOG 
Electronic Tube Generators from.1 Kw to 100 Kw 
Spark Gap Converters from 2. Kw to 30 Kw 


Z [HIGH FREQUENCY 
LPLL LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77, N.Y 
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NEW 





INSTRUMENTS 


BALL VALVES 


New series Flo-Ball valves, Series 
711, features the ball rotating on a 
fixed axis between bearings that re- 
quire no lubrication (thus being able 
to absorb tremendous impacts and 
loading without backlash or danger 
of distortion) ; replaceable seats; bal- 
anced design; self-aligning and self- 
adjusting characteristics for con- 
trolled seat loading and positive seal- 
ing.—Hydromatics, Inc., 70 Okner 
Parkway, Livingston, N. J. 
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MINI DIGITAL READOUT 


New Miniaturized Digital Readout, 
Series 120000, for digital camputers, 
etc. operates on rear-projection prin- 
ciple. When one of the twelve sub- 
miniature lamps at the rear of the 
unit is lighted, the lamp projects the 
corresponding digit on the condensing 
lens through a projection lens onto 
the viewing screen at the front of the 
unit. Character size is %”.—Indus- 
trial Electronic Engineers, Inc., 5528 
Vineland Ave., North Hollywood, 
Calif. 
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PROGRAM TIMER FOR GSE 


New HYS Repeat Cycle Timer 
measuring 24%” x 24%” x 7” contains 
12 SPDT, independently-adjustable 
load switches. Motor rating is 115 v, 
60 cps. Time cycle is 90 sec. Built for 
ground support equipment, it with- 
stands vibration of 0.060” double-am- 
plitude displacement from 5 to 55 cps 
and shock of 30 G’s for 11 msec.— 
Eagle Signal Co., Moline, Ili. 
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PROFILE MONITOR 


New Profile Monitor, Model 201, 
provides an accurate, easily inter- 
preted, visual display of any phenom- 
ena measurable by an electrical out- 
put. Typically monitored are tem- 
perature, pressure, strain, and veloc- 
ity. With accommodations for as 
many as 90 inputs it can display one 
of these phenomena, or any combina- 
tion. having comparable electrical out- 
puts. Details in Data Sheet PM2-917. 
—Advanced Technology Labs., Div. 
of American-Standard, 369 Whisman 
Rd., Mountain View, Calif. 
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FOR FURTHER INFORMATION USE THE FREE ORDER CARD ON PAGE 515 


Page 470—Instruments & Control Systems—Vol. 33 





COMPUTER CONTROL SYSTEM 


New fully-transistorized LN-3000 
Digital Computer, developed under a 
joint agreement between Leeds & 
Northrup and Philco, is intended pri- 
marily for use in on-line data reduc- 
tion systems and process control sys- 
tems. However, it is suitable, without 
modification, for off-line uses. De- 
pending upon the particular applica- 
tion, a system incorporating the LN- 
3000 may perform any one of the fol- 
lowing three general functions: (1) 
on-line data reduction and calculation 
of operating guides, (2) program 
control, and (3) supervisory computer 
control. To meet the requirements of 
these functions, the LN-3000 was de- 


mts be 2 


signed as a general-purpose, serial, 
internal-binary, fixed-point, stored 
program computer with the following 
characteristics: Address Structure— 
single address or 1 & 1 as determined 
by the programmer. Order Structure 
—16 basic orders, including square 
root, which may be modified to pro- 
vide over 60 operations. Computing 
Times—Add or Subtract—0.91 msec. 
Multiply, Divide, or Square Root— 
3.6 msec. Shift—0.91-3.6 msec. Word 
Length—20 bits + sign + parity. 
Main Memory—magnetic drum, 8000 
or 16,000 words. Rapid Access—4 
words standard. Arithmetic Register 
—three transistorized registers in- 
cluding the accumulator, two of which 
may be used as additional rapid-ac- 
cess storage. Other considerations that 
strongly influenced the design were 
reliability and fail-safe performance. 
All logic circuits are built around one 
basic diode-transistor module. All cir- 
cuits are conservatively rated, and 
manufacturing techniques were care- 
fully selected. Error detection and 
correction techniques are incorporated 
through programming and logical de- 
sign. The computer is able to monitor 
itself and the input-output equipment 
for random errors and component 
failures. In addition, all system out- 
puts which control process operation 
have non-volatile memory to provide 
for fail-safe performance. The sys- 
tem may also be arranged to perform 
essential alarm monitoring functions 
even when its more complex sections 
are removed from operation.—Leeds 
& Northrup Co., 4910 Stenton Ave., 
Phila. 44, Pa. 
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al 
ABSOLUTE 
PRESSURE 
INDICATOR 


wt RTT Vhs bs Ba 0 My, 


Measures pressure from 
ZERO ABSOLUTE 
to Atmospheric 


ABSOLUTE PRESSURE INDICATOR 


... For Precise Vacuum Work 


Accuracy: 1/300 of full scale 
Sensitivity: 1/500 in all ranges 
Ranges: 0-50mmHg. 0-100mm Hg. 
0-200mm Hg. 0-410mm Hg. 
0-800mm Hg. 390-800mm Hg. 
Dial Sizes: 234” or 6” diameter for all ranges 
Write for Publication No, A-108-1.48 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 
IN CANADA: WALLACE & TIERNAN LTD.,WARDEN AVE., TORONTO 13, ONT. 





is your feeding problem 
peculiar to your operation? 


Wallace and Tiernan’s volumetric feeders are 
so flexible that each job is practically custom built. 
W&T’s experience is broad enough to meet any challenge. 
Try us-for information write Dept. MV-1.48 
WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9,NEW JERSEY 





PRESSURE INDICATOR—CIRCLE 74 
VOLUMETRIC FEEDERS—CIRCLE 161 
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FREQUENCY COUNTER 


New Electronic Counter, Model 
521G, automatically measures fre- 
quency and random events per unit 
of time or (with the manual gate fea- 
ture) totalizes electrical events. With 
transducers, it also provides conven- 
ient measurements of such mechanical 
quantities as speed, rpm, rps, weight, 
pressure, temperature and accelera- 
tion. Frequency range is 1 eps to 1.2 
me. Accuracy is +1 count + the ac- 
curacy of power line frequency— 
usually +0.1%.—Hewlett-Packard 
Co., 275 Page Mill Rd., Palo Alto, 
Calif. 


Let Speed 
Measurements 
Help You 


Let the Esterline-Angus Speed 
Recorder System provide you with 
records that will help you 
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AUTO-COLLIMATOR 


New Microptic Auto-Collimator 
reading to 0.1 sec of arc has now a 
photoelectric system that eliminates 
the need for repeated observation 
through the eyepiece when making 


@ determine production rates, 
@ control product quality, 


@ check performance of equip- 
ment and machinery, 

@ establish operator efficiency 
and safety. 


All you do is connect the shaft of 
the E/A Tachometer Generator 


exact settings, in the checking of 
gears, dividing heads, rotary tables, 
circular spacing generally—or where 
reference mirrors are used to test sta- 
bility, repetition, expansion or other 
delicate mechanical movements.— 
Engis Equipment Co., 481 S. Dear- 


(above) to any equipment whose 
speed you want to measure. 


The Tachometer Generator ac- 
tuates an E/A strip-chart Speed 
Recorder (below) giving you an 
accurate, permanent, indisputable 
record. 


There’s no end to the applications 
of the E/A Speed Recorder. For 
instance, in continuous manufac- 
turing operations, such as paper 
and steel production and anneal- 
ing and baking processes. They’re 
also used for such things as meas- 
uring lost time, the flow of liquids 
or gases, and in time studies on 
machinery which is stopped and 
started between operations. 


You'll find many other applica- 
tions described in Bulletin 260. 
Ask for a copy or for an E/A spe- 
cialist to call. 








The Esterline-Angus Company 


No. ¢ in fine Graphic Instruments for 
more than 50 years. 
Dept. G, P.O. Box 596, INDIANAPOLIS 6, IND. 
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born St., Chicago 5, Ill. 
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D/A CONVERTERS 


New EI 4700 Series Dataverters 
translate digital data from punched 
cards, punched paper tape, and mag- 
netic tape into analog voltages to op- 
erate EI X-Y plotters, and also gen- 
erate control signals for both the in- 
put devices and the X-Y plotter. Out- 
put features include scaling, output 
multiplier, and symbol generation. 
Circuitry is completely transistorized 
with both magnetic core and trans- 
istor logic being used.—Electro In- 
struments, Inc., 3540 Aero Court, San 
Diego 11, Calif. 
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ULTRA SPEED CAMERA 


New Ultra Speed Camera can take 
from 480 to 1,600,000 pictures/sec on 
standard 35-mm film, in black-and- 
white or color, by using an electro- 
optical shutter which controls passage 
of light by means of ultra-rapid elec- 
trie pulses. One or two optical lenses 
focus the image onto a rotating mir- 
ror in the film box. The film remains 
stationary while the mirror revolves 
at the rate of 100,000 rpm. The spe- 
cial pulser system designed for this 
camera permits effective exposure 
times of 0.05 to 1.0 yusec.—Benson- 
Lehner Corp., 1860 Franklin St., 
Santa Monica, Calif. 
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FOXBORO 
d/p CELL’ 
TRANSMITTERS 


Positive overrange protection ... no perceptible 
zero drift... high sustained accuracy, even 
under the most punishing operating conditions. 
D/p Cell bodies are available in 316 s.s. or 
rustproofed carbon steel. Unique stainless 
steel twin-diaphragm capsule is specifically 
designed to provide positive overrange 
protection. Purged cover protects transmitter 
from weather, dust, and fumes. 

You can install d/p Cells anywhere — in any 
position — simply and conveniently, and know 
they'll give unequaled accuracy and 
performance. Ask your Foxboro Field Engineer 
for complete details, or write for Bulletin 


13-11A. The Foxboro Company, 
463 Neponset Avenue, Foxboro, Mass. 


Foxboro d p Cells for flow, 
liquid level, and other variables 


for high-speed flow measurement and control 
e for flow measurement as small as 0.03 gpm 
e for flow under static pressures to 6000 psi 
e for use where elevated or suppressed ranges are required 
e for electronic flow control systems 
e for liquid level 
e for comparison of process and sample fluids 
e for absolute pressure measurement 
*Reg. U. S. Pat. Off. 





Three fully adjustable ranges: 
0-5 to 0-25 inches of water 
0.20 to 0-250 inches of water 
0-200 to 0-850 inches of water 
Working pressures of 500, 1500, and 6000 psi 














OXBORO 


REG. U.S. PAT. OFF. 
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DYNAMASTER LAB RECORDER 


New Laboratory Model of the Dy- 
VAR | a N namaster Potentiometer Recorder 
lends itself-readily to measuring pres- 


Potentiometer sure, temperature, motion, flow, dens- 


ity, pH, and electric power. A four- 
RECORDERS position input selector switch provides 
for mv, v, “amp, or ma input. A five- 
: E position span selector offers ranges 
Something important 0-2, 0-5, 0-10, 0-25, and 0-50. Several 
attachments are offered.—Bristol Co., 


has been added... Waterbury 20, Conn. 
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X-BAND SIGNAL GENERATOR 


New DY-5381 Signal. Generator 
which delivers a minimum power out- 
put of 250 mw over the range from 
8,500 to 10,000 mc, with outputs up to 
400 mw in the vicinity of 9,500 me, 
features a _ continuously-operating 
power monitor which permits power 
setting repeatability within +0.5 db 
, ' over a wide ambient temperature 

fm f * range.—Dymec, Div. of Hewlett-Pack- 
y/ A+ ard Co., 395 Page Mill Rd., Palo Alto, 
: Calif. 
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5. THE NEW G-22 IS 
SHEATH STRIPPING TOOL 


New tool for sheath removal from 
metal-sheathed, ceramic-insulated 


thermocouple wires affords operation 
as simple as sharpening a_ pencil. 
Pamphlet gives details—Equipment 
Sales Co., 150 East Hillside Rd., Bar- 
rington, Ill. 


Two channels mean more than 
just an added trace. They make 
the G-22 a correlator of si- 
multaneous variables—any pair 
you choose. And among two- 
channel recorders, the G-22 is 


the most practical yet—lighter, Logic ELEMENTS 


more compact, more versatile 
and lower in cost than any other New line of encapsulated Logic Ele- 
of its type. ments for 100-ke operation are for 
portable, mobile and airborne equip- 
Interchangeable plug-in input chas- — : ment as well as missile systems.—C 
— ae & K Components, Inc., 103 Morse St., 


sis; 1% limit of error and one second 
full-scale balancing time; adjustable Newton 58, Mass. 


range trom 0-10 mv to 0-100 mw; CIRCLE 202 ON READER-SERVICE CARD 
dual chart speed standard; four 
speeds optional; portable or panel- 
mount versions; weight 35 pounds; 
price $975. Full specifications availa- 


ble. Write the Instrument Division. TEMPERATURE REGULATOR 


New self-powered Temperature 
Regulator, especially designed for 
use on gas-fired petroleum heaters 
and treaters, has a Buna “N” disc, 
assuring bubble-tight closure. A pol- 
ished stainless steel valve stem and 
“O”-ring stem seal made of Buna “N” 
provide smooth, leak-free valve opera- 
WV. 7. R i A mw tion. A stem cleaner or wiper is pro- 

Mac to papmng F the Bett d seal. 

alve sizes are an . Temper- 

associates ature range is 110-190°F.—Fulton 

PALO ALTO 27, CALIFORNIA Sylphon Div., Robertshaw-Fulton 

Controls Co., Box 400, Knoxville 1, 
Tenn. 
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DIGITAL READOUT ’SCOPE 


New high-frequency, general-pur- 
pose Oscilloscope, Model 425, which 
features the first direct digital read- 
ing system in an oscilloscope of modu- 
lar construction, includes a series of 
interchangeable plug-in amplifiers, 
and a new cathode-ray tube. The digi- 
tal readout of time (in usec and msec) 
and amplitude (to 3 places) which ap- 
pears on the front panel of the in- 
strument is accomplished through the 
manipulation of two measuring dots 
on the face of the scope which are 
moved by joy stick controls and thumb 
wheels so that they are aligned with 
the waveform presentation being 


studied. For remote analog devices 
such as computers and recorders, an 
analog voltage proportional to the 
digital reading may be taken out of 
the ’scope directly. The five basic 
modules include the distributed ampli- 
fier, the low-voltage power supply, 
the high-voltage power supply, the 
X-chassis and sweep circuits, and the 
front panel which incorporates the 
readout generator, sync circuits, cath- 
ode-ray tube, and general framework. 
Through two, 40-pin connector plugs 
at the top of the chassis, the scope 
may be tied in directly with external 
data processing equipment including 
punch cards and printers. The new 
cathode-ray tube, especially designed 
for the Model 425, offers extreme 
sensitivity, high light output, fine 
resolution, and an acceleration poten- 
tial of 12,000 v. Frequency range is 
from de to 60 Me (down 8 db at 35 
Mc). Accuracy is 2%. System virtu- 
ally eliminates all possibility of hu- 
man error in interpolation, parallax 
adjustment and computation.—Allen 
B. Du Mont Labs., Inc., 750 Bloom- 
field Ave., Clifton, N. J. 
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AIR AND GAS DRYERS 


New completely, self-contained 
Molecu-Dryers permit high-tempera- 
ture drying to dew points of —100°F 
or better using Linde’s Molecular 
Sieves. Reactivation is by conducted 
heat in dessicant bed with cooling 
cycle accelerated by same medium. 
No inert gas purging for reactivation 
is needed.—C. I. Hayes, Inc., Welling- 
ton Ave., Cranston 10, R. I. 
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ALL-PURPOSE ANGLE VALVE 


New Angle Valve, No. 74, serves 
as a basic liquid-level-gage valve; 
with the addition of a special pipe 


plug with integral bleed fitting it be- 
comes Instrument Valve No. 74G. 
OS&Y bolted bonnet uses a forged 
yoke and a reciprocating backseating 
stem.—Jerguson Gage & Valve Co., 
80 Adams St., Burlington, Mass. 
CIRCLE 206 ON READER-SERVICE CARD 


AIR-LOADED REGULATORS 


New remote-adjusted, air-loaded 
Presure Regulators maintain control 
accuracy to within +% psi. Accurate 


regulation in the vacuum range 
coupled with temperature pilot con- 
trol provides full modulation of 
heater input. Picture shows milk 
evaporator steam supply —-Spence 
Engineering Co., Inc., Walden, N. 
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TRANSISTORIZED P/S 


New voltage-regulated D-C Power 
Supplies, Model HB, feature regula- 
tion of 0.1% for line and load (0.01% 
provided on special order); wide, 


variable output range (0-825 vde); 
output current of 200 ma, 400 ma, 
600 ma (Models HB-2, HB-4, HB-6, 
respectively); ripple of 3 mv rms; 
and two 6.5-vac outputs at 6 amp 
each. Bulletin HB 59-10 gives details. 
—Kepco Labs., Inc., 131-38 Sanford 
Ave., Flushing 55, N. Y. 
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STRIP CHART RECORDER 


New Autograf Strip-chart Record- 
er, Model 80A, which provides in- 
stant selection of six chart speeds 
through transistor switching, has a 


full scale sensitivity of 0.05% and a 
resolution and accuracy of 0.2% 
Chart speeds of 2, 4, 6, 8, 15, and 
60”/min are selected instantly by 
front panel push buttons. Input range 
is 5 mv to 100 v. Pen speeds are to 
0.25 sec full scale. Standard 120’ 
chart rolls are used.—F. L. Mosely 
0., 409 N. Fair Ooks Ave., Pasadena, 
Calif. 
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AIR SAMPLER 


New Casella Cascade Impactor em- 
ploys four jets in series to collect air- 
borne particulates in the range of % 


uw to 200 u. By employing low air ve- 
locities large-size dust samples can be 
collected without error.—Mine Safety 
Appliances Co., 201 N. Braddock St., 
Pittsburgh 8, Pa. 
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SHAFT POSITION ENCODER 


New Binary Coded Decimal Shaft 
Position Encoder, ADC-ST3-BCD, an 
an/dig converter, provides three deci- 
mal digits in binary-coded decimal for 


each revolution of input shaft. Other 
models of the Norden 1,000-count 
family of encoders include a 10,000- 
count/10-turn encoder, a _ 100,000- 
count/100-turn encoder, and a 1,000,- 
000-count/1000-turn encoder.—Nor- 
den Div., United Aircraft Corp., 
Wiley St., Milford, Conn. 
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COMPUTER MISSILE GUIDANCE 


New miniaturized Digital Computer 
for the Centaur guidance system ac- 
cepts inputs from the inertial plat- 
form, performs the necessary guid- 


ance computations, and provides steer- 
ing signals to the Centaur control 
system. Silicon-transistorized through- 
out, it is immune to a wide range of 


environmental extremes.—Librascope, 
Inc., Glendale, Calif. 
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VHF ADMITTANCE BRIDGE 


bd ba New VHF Bridge Model 978 uses 
sie . a miniature thermistor element work- 
———e ing in a servo feedback system as a 





conductance standard. This novel ap- 
proach guarantees measurement ac- 
curacy of 2% to 300 Mc. Capacitance 
and conductance range is + 40yuuF 
and 0-50 millimhos (Illustrated are: 
Admittance Bridge, Bridge Source, 
and Detector.)—Marconi Instru- 
ments, 111 Cedar Lane, Englewood, 
Ivars 
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DIRECT COLD JUNCTION 


New Cold Junction of the directly- 
connected type utilizes screw term- 
inals for electrical connections. The 
hot junction may be of the exposed, 
closed-and-grounded, or closed-and- 
ungrounded type. A wide choice of 
standard process connections is avail- 
able-—Trinity Equipment Corp., 
Cortland, N. Y. 
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TEFLON BUSHED GAGE MOVEMENT 


New Pressure Gage Movement in- 
cludes Teflon bushings which provide 
low static and kinetic friction and 
promote compressive strength and in- 
creased resistance to cold flow. Unaf- 
' fected by outdoor weathering and hav- 

i mile lf : : ing zero water absorption, they can 
+ Ri, also be used over a temperature range 
VIiBRA MITE ls AE Py, of —65°F to +300°F.—Helicoid Gage 
1 Div., American Chain & Cable Co., 
Inc., Bridgeport 2, Conn. 
New MB velocity-type pickup fea- | CIRCLE 215 ON READER-SERVICE CARD 
tures all these performance 
advantages: 


Miniature—only 1.42” square x 1” high tl TA NKoM FTER 


Weighs only 2.75 oz —accurate signals 
am FOR MEASURING TANK CONTENTS 
Eddy current damped—stable sensitivity 
ANY DISTANCE AWAY 


Flat response from 30 to 2000 cps 

Takes 50g acceleration continuous — 
impact to 1000g TANK MAY BE BURIED, Also gauges for: 

Continuous —85° to +500°F range ELEVATED, OPEN, Barometric Pressure (Mercury Column) 

Omnidirectional — no adjusting CLOSED, VENTED OR Absolute Pressure (Mercury Column) 


Pressure and Vacuum 
UNDER PRESSURE OR Differential Pressure 


VACUUM Inclined Manometers for draft. 
B ELECTRONICS SEND FOR BULLETINS pressure or differential pressure. 


A DIVISION OF TEXTRON ELECTRONICS, INC. Y} UEHLING INSTRUMENT CO. oetencon a . 


1103 State Street, New Haven 11, Conn. 
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Bulletin #112 tells more. Write... 




















NEWEST COMPUTER—G-20 


New G-20 system, solid-state large- ~ 
scale computer, features fast and ef- rt WS qebaegl 
ficient computing at minimum cost. 
Addition rates of 45,000 or more 
ee Se ie A New Strain Gage Differential Pressure 
Transducer Combining Features Never 
Before Available in One Instrument. 


Single diaphragm design for direct 
differential pressure measurement. 


_ All-Weld 303 & 347 Stainless. Steel 
construction. 


Corrosive and conductive media can 
be applied to both the reference and 
high pressure ports. 


Small physical size and high natural 
frequency. 





operations per second are achieved; 
floating point, circuitry is standard. 

User is given choice of data pre- 
cision, virtually unlimited indexing 
facilities, and convenient command 
structure. Basic 4096-word core mem- 
ory can be expanded to 32,768 words 
of memory. 

An algebraic compiler and a sym- 
bolic assembly routine make for sim- 
plified programming. Accessory as- 
signment, program translation and 
problem scheduling can be done effec- 
tively within the Central Processor, 
relieving the operator of these tasks. 
Only a simple control console is re- 
quired. Remote sub-systems provide 
great flexibility. Important feature: 
control buffer permits program-con- 
trolled on-line or off-line communica- 
tions. 

Up to 70 accessories may be con- 
nected to the G-20 input-output com- 
munication line, and several may be 
in use at the same time on a time- 
shared basis. This small yet power- 
ful system “costs no more than others MODEL PT69 
thet ase culy 1/1600h os fast.” —Ben- PRESSURE RANGES HIGH LINE PRESSURE 
dix Computer Div., 5630 Arbor Vitae Shown approximately 
St., Los Angeles 45, Calif. FULL SIZE 
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ACCELEROMETERS 


New line of self-generating accel- 
erometers, featuring 500°F operation 
and less than 3% lateral sensitivity 
for missile and aircraft vibration 








DYNISCO 
HIGH ACCURACY 


ad > ~ , 
testing and for general industrial ap- 
plications, has a first resonent fre- 


quency of 50ke and 1600 uufd internal 
capacity. Maximum acceleration is 
5000 G’s. Ratings of standard models 
are 5 mu/g, 10 mu/g, and 20 mu/g 
sensitivity—Clevite Electronic Com- 
ponents, 3405 Perkins Ave., Cleveland 
14, Ohio. 
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PRESSURE REGULATOR 


New Hi-Flo Pressure Regulators, 
classes WLK, WK, WHK, WL-2, W-2, 
WH-2, WLB, WB and WHB are de- 
signed for inlet pressures from 10- 
300 psig and temperatures up to 
180°F. Reduced ranges available cov- 


arora 
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eee¢e@ 
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a nen 


=< mand 


[ 


PA 


er pressures from 5-100 psi. They are 
said to offer 50% to 100% greater 
capacity than other comparable regu- 
lators. Features include large bowl 
construction and long travel dia- 
phragm, fully balanced operation, 
tight shutoff, ete—Leslie Co., 122 
Delafield Ave., Lyndhurst, N. J. 
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MAGNETIC DISK MEMORY 


New LFE Bernoulli-Disk which 
utilizes, in part, principles of fluid 
motion derived from the conservation 
of energy in liquids and gases consists 
of a flexible Mylar magnetc disk that 
is rotated close to a smooth stabiliz- 
ing backplate in which read/write 


heads are imbedded. When at rest, 
the limp disk falls away from the 
backplate; but in motion, the limp 
disk becomes flattened by centrifugal 
force and the disk pumps air through 
the orifice and out at the disk periph- 
ery. The hydrodynamic forces of the 
air between the disk and the stabiliz- 
ing plate together with the dynamic 
and elastic forces of the revolving 
disk, cause the disk to conform to the 
backplate at a controllable and small 
separation. Advantages claimed are 
reliability, shock-resistance, low pow- 
er requirements.—Lab for Elec- 
tronics, Inc., 1079 Commonwealth 
Ave., Boston 15, Mass. 
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RECORDING INSTRUMENTS 


New line of Temperature, Pressure, 
and Humidity Recorders is available 
in 8” chart size with one to three pen 
systems; in 10” or 12” chart sizes 
with one to four pen systems; in 
hand-wound or electric chart drives 


for 12-hr, 24-hr, 7-day, and 31-day 
revolution. Temperature recorders are 
mercury-, liquid-, gas-, or vapor-actu- 
ated; pressure recorders contain spe- 
cially heat-treated spiral-wound 
bronze, beryllium copper, alloy or s.-s. 
bourdon tubes; humidity recorders are 
of two types.—Weksler Instrument 
Corp., 195 East Merrick Rd., Free- 
port, L.I., N.Y. 
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THE 


MANOMETER 


THAT 


© COSTS HALF as much 
@ Is only HALF as BIG 
@ 1S ACCURATE to 3% | 
@ Does 4 NEEDED JOBS 


and is practically indestructible! 


Only 7%" wide, 5%” high and 13%” deep. Hous- 
ing and tube of tough Tenite II plastic. 
Logarithmic indicating tube for accurate and 
easy reading. Two ranges: 0-3” and 0-7”. 
Gages (1) static pressure, (2) draft, (3) filter 
resistance and (4) velocity from 0-7000 fpm. 


(with pitot tube). 


A complete “‘package.”’ Unit includes all neces- 
sary connector tubing and fittings, mounting 


screws, fluid, instructions. 


Write for informative catalog page 


FLW. DWYER MFG. CO. 


MICHIGAN CITY, INDIANA 
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P. O. BOX 373—S 


FLEX-TUBE 
Series 25 


conditions. 
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Sturdy case protects 
precision meter movement in portable use. Direct 
reading scale face can be quickly read at distance— 
no slide wires or conversion tables needed. Available 
in ten scale ranges from 0-400° to 0-3000° F. 
or centigrade equivalents. 

Get full details on the Type 1500 in Bulletin 4434, 
Illinois Testing Laboratories, Inc., Room 518, 
420 N. LaSalle St., Chicago 10, Ill. 


\ diner] 
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A\CCURATE 


PYROMETER 
TYPE 1500 


Checking temperatures of 
electric heating mantles is but 
one of the many laboratory 
temperature jobs performed 
with consistent accuracy within 
¥% of 1% full scale—under all 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 





CRESCENT 
ARMORED 
MULTITUBE™ 


IMPROVED 
CABLED TUBING 


gives you a better job 
at less cost 


NAA A 
‘AW SAAD 


SAW AA 


for use with 
INSTRUMENTS 


and 
Carries Air, Gas or Fluid aN PROCESS 


CRESCENT ARMORED MULTITUBE is ‘ CONTROL r 
a group of 2 to 37 tubes of copper, aluminum, yy EQUIPMENT Pi x 
steel or polyethylene spirally cabled together 4 ai 
and protected by a flexible, interlocked galva- 
nized steel armor, or by a tough corrosion re- 
sistant thermoplastic sheath, or a combination 
of both (see below). 


The SPIRAL CABLING of the tubes permits = CRESCENT ARMORED MULTITUBE completely out-dates 
easy bending to a small radius without distortion the old method of using single tubes, with users reporting savings 
of the tubes. It can be installed with great ;, installed cost of from two to five times the cost of the multi- 
saving in Ume. tube. In addition, the MULTITUBE system will result in fewer 

Special constructions are available for under- connections and fittings, lower costs for supports or racks, ease 
ground runs. This product is licensed under of mounting and less space. 

U. S. Patent 2,578,280. 


My 
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FOUR CORROSION-RESISTANT TYPES 


A plastic jacket of polyvinyl chloride over SPIRALLY CABLED 
copper or aluminum instrument tubing provides complete moisture 
and corrosion protection for the tubes. Flexible galvanized steel 
armor in various combinations, as shown, gives maximum protection 

Uidzaaaa for permanence. Available in size 44” O.D. in lengths to 1000 feet 
(ceqtte . 
~---- in from 2 to 37 tubes. 














SEND FOR BULLETIN 458-A GIVING COMPLETE INFORMATION AND ENGINEERING DATA 


CRESCENT INSULATED WIRE & CABLE CO. 


Trenton 5, New Jersey 
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New pressure controls ...0.5 to 150 psig. . | SAS FLOW RECORDER 
New Dual Gas Flow Recorder for 
argon, helium, oxygen, CO:, etc. si- 


Diaphrag Mm ier ; multaneously aie a records 
Pressure — 7 | 
Regulators 


: ... with : 
PLUS-PERFORMANCE 
FEATURES 


flow of 2 identical or different gases 
in range from 15 lpm to 3000 cfh; 
and input pressures from 20 to 200 
psig. Has 10” chart, and indicator 
lights to show which side is used.— 
Elematic Equipment Corp., 6731 South 
Chicago Ave., Chicago 37, Ill. 
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HI-TEMP & PRESS T/C PROBE 


New Thermocouple Probe measures 
liquid and gas temperatures in the 
1800°F range at pressures in excess 
of 2000 psig. Available in various 


Now... Robertshaw engineers answer still more of your 
pressure control problems with these highly efficient dia- 
phragm-actuated companions to our famous bellows self-ops! 

Ruggedly built and modestly priced, this new 1065 
Series is offered in four diaphragm sizes, with nine different 
ranges from 0.5 to 150 psig. Single-seated 14” to 2” valves 
for positive shut-off ... piston-balanced in the larger sizes; standards lengths, it includes s.-s. 


double-seated, 214” to 4” sizes. sheathed models and either covered 
or exposed probes for use with hot 
-rei . A gases, and ceramic sheaths for liquid 
Nylon reinforced, moulded ew ” Gaphoage seid. omh aie anaemia “al 
Spring-loaded Teflon chevron lifetime packing chromel-alumel or chromel-constantan 
Ball-beari i with %”-18NF mounting thread 
“a we wenee eprint standard.—Technical Industries 
Quick-disconnect, polished monel valve stem Corp., 389 North Fair Oaks Ave., 
Stainless steel trim standard Pasadena, Calif. 
Highest quality chrome steel adjusting spring CREASE 208: ON CAREER SEE GASP 


Valve designs backed by years of field service 
pH-CONTROL 
PROPORTIONING PUMPS 


For complete specifications, ask for Bulletin EL-125 Fulton ; 
Sylphon Division, Robertshaw-Fulton Controls Company, New pneumatically-operated Auto- 
Knoxville 1. Tennessee matic pH-Control Feeder Proportion- 
7 J ing Pump for automatic pH control 
of process water in industry responds 
to standard pneumatic control pres- 
sures of 3 to 15 psig and accurately 
feeds chemicals in proportion to the 
varying hydrogen-ion concentration. 
In addition, a dual-control feature en- 
ables it to feed chemicals in propor- 
tion to a varying flow rate—B-I-F 
Industries, Inc., 345 Harris Ave., 
Providence 1, R. I. 
CIRCLE 223 ON READER-SERVICE CARD 
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MODULAR DESIGN MAKES 1960 


ZlectrnoniK POTENTIOMETERS 
A GREATER VALUE THAN EVER 


BALANCING AND 
CHART DRIVE MOTORS 
are sectionalized. 
Service is simplified 
because any major part 
can be replaced in a 
matter of seconds. 


CONSTANT VOLTAGE 
UNIT* eliminates need 
for batteries, standard 
cells, and standardiz- 
ing mechanisms .. . 
insuring long life. 








*Zener Diode 


COMPARTMENTED 
MEASURING CIRCUIT 
UNIT makes range 
changing easy. Change 
one screw on a clip 
connected card of 
fixed resistors, and 
the job is done in a 
matter of seconds. 


QUICK-CONNECT 
AMPLIFIER is easily 
removed from the in- 
strument by means of 
a polarized plug. 


BUT THIS IS JUST PART OF THE STORY OF THE 1960 LINE OF ELECTRONIK POTENTIOMETERS. 
LOOK AT THE DRASTIC CHANGES IN THE ELECTRONIK MULTI-RECORD RECORDERS. 
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Record 2 to 24 points on one instrument 


with new UNIVERSAL £Lectronmik 
MULTI-RECORD INSTRUMENT 


Now, you can record 2,3,4,6,8,10,12,16,20, or 24 
points on one ElectroniK Multi-Record Instrument... 
and change the number of points to be recorded ina 
matter of seconds. It’s easy as this: remove a thumb- 
tight nut and slip off old print wheel . . . and indicator 
dial. Slip on a new wheel and dial: Replace nut. Plug in 
the number of points desired, and the job is done. 


The universal features and modular design of the 
1960 line of ElectroniK potentiometers are standard 
on all multi-record non-control models. Range and 
compensation changes are quick and easy, too... 
just change the cards. 


FROM HONEYWELL. SRP A DIAMOND JUBILEE PARADE OF PRODUCTS 


SEE HOW EASY THE 1960 ELECTRONIK MULTI-POINT RECORDERS ARE TO USE... > 





all it takes with the 1960 


LlectnoniK MULTI-RECORD 
RECORDERS to change... 


... number of points recorded 


HSV TYTEDUSOHSSEDUDEDOSEEEEEEONON 
SL ae a 





First: remove thumb-tight nut; slip off print wheel and 
indicator dial. Slip on new wheel and dial and replace nut. 


.. RANGE—Loosen screws and 
slide out the range resistor 


card. Replace with a different 
card, tighten screws and the 


job is done quickly and easily. 





. . COMPENSATION—The input terminal board with built- 


Second: replace one plug-in unit and the instrument is 
ready to record a different number of points. 


The new flexibility and convenience of the 1960 


in reference junction comes out by removing one plug. 
Slide in the new board, replace the screws and plug 
and the compensation is changed. 


ElectroniK Multi-Record Recorders should in- 
terest you. This new design has resulted in Honeywell 


Your nearby Honeywell field engineer has the 


substantial manufacturing cost reductions 
which are reflected in our new price structure. 
full details. He’s as near as your telephone. th 


Tint we Coitol 


SINCE 1865 


Minneapolis-Honeywell, Wayne and Windrim p 4 Pe ERING THE FUTURE 


Avenues, Philadelphia 44, Pa. YEAR 





AN/DIG CONVERTER 


New airborne Analog-to-Digital 
Converter, Model M4, is said to be 


one- half the size and weight of pre- 


vious converters. Completely transis- 
torized, it performs a 12-bit conver- 


sion to an accuracy of + 1 mv in 65 
usec. Available for 3-decimal digit as 


well as 12-bit binary conversion, it 
meets the conditions required of MIL- 


E-5400B and MIL-E-005272. Packag- 
ing of the M4 conforms to MIL-T- 
19600 (AER).—Packard Bell Com- 
puter Corp., 1905 Armacost Ave., Los 
Angeles 25, Calif. 
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FREQUENCY CONVERTER 


New general-purpose Frequency-to- 
DC Converter for flow measurement, 
tachometry, etc. affords quick selec- 
tion of various full-scale frequencies 


“e| 
i 


ranging from 500 cps to 100 ke by 
changing a single plug-in circuit 
board. Linearity is better than 0.1%. 
Drift with temperature change is less 
than +0.1% from —15°C to +55°C. 
—Vidar Corp., 2107 El Camino Real, 
Palo Alto, Calif. 
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New Shock Recording Accelerome- 
ter, Model A 12, responds to short 
duration shocks and indicates on a 
permanent record the greatest shock 
received. It utilizes a deformable 


SPM 


plastic filament that is squeezed be- 
tween an internal seismic mass and a 
glass window to indicate the magni- 
tude of the shock. The width of the 
deformed filament may be visually 
read, and it is translatable into max- 
imum G’s of shock. Standard range 
is +10 to 50 G’s linear; 5 to 125 G’s 
useable, with accuracy +5 G’s.—Pace 
Engineering Co., 13085 Saticoy St., 
North Hollywood, Calif. 
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WES 


; [, natu me nt. 
CORPORATION 


Part of diffusion 


furnace room, 
Hoffman Electronics 
Corporation, 

El Monte, California. 
Process is one step in 
critical manufacture of 


silicon solar cells. 


Model JSBG 
Stepless 
Program 
Controllers 





Semi-conductors are grown by a 
highly integrated process, involving 
time-temperature control. Only the 
most precise control delivers the 
required quality, uniformity, efficiency. 


Leading producers of semi-conductors 
find best results from the market’s most 
compact, integrated Stepless Program 
Controller: by West. This unit infinitely 
modulates heater power and coordinates 
time-and-temperature control for even 


the most unstable systems. 


Also available: models combining 
Gardsman off-on, proportioning or 
3-position controllers with programming. 
All are tubeless and noted for 
minimum maintenance and operating 
requirements. Ask your West 
representative or write for 
Bulletin JSB and JG. 
See us at the 

29th National Packaging Exposition 

Atlantic City, N. J. 


Convention Hall 
April 4-7, 1960—Booth 1220 


SALES OFFICES IN PRINCIPAL CITIES 


4355 W. MONTROSE, CHICAGO 4I, ILL. 


British Subsidiary 


the trend is to WEST 


WEST. INSTRUMENT LTD 
52 Regent St.. Brighton 1, Sussex 


Represented 


o Canada by Davis Automa 


¢ Contro 


CIRCLE 96 ON READER-SERVICE CARD 


March 1960—Instruments & Control Systems—Page 483 





MANOMETER CHECK VALVE 


New Manometer Check Valve, Mod- 
el 1636, for protection against loss of 
indicating fluid when over-range 
pressures are encountered, has a 


eoiQeenemmenmemel— 
unique patented “O”-ring diaphragm 
which seals against the valve cone. 
—Petrometer Corp., 43-22 Tenth St., 


Long Island City, N. Y. 
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MINI INSTRUMENT PIVOTS 


New line of miniature components 
includes Pivots, Shafts, and Pins. 
Pivots are machined from high-grade 
carbon steel, heat treated, and pol- 
ished. Conical bearing point angles, 
from 45° to70° are accurately turned 
for perfect centering and smooth op- 
erating performaance. Available in 
0.016” to 0.125” dia, and in lengths 
from 0.050” to 0.750” with radii from 
0.0008” to 0.004”.—John Gillen Co., 
2540 South 50th Ave., Cicero 50, Ill. 
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DON'T GET IN A SWEAT ABOUT 


TEM PE RATU RE CONTROL... standardize on Bristol 


pyrometer supplies and solve the problem, once and for all. 


Everyone knows how interrupted pyrometer service can cut production, 
increase costs, impair product quality and whittle away at profits. Good 


way to minimize or stop these troubles: Lay in a supply of Bristol’s thermo- 


couples, protection tubes, radiation-unit accessories, refractory insulators, 


mounting fixtures, thermocouple extension wire, switches, and ink. They’re | 


available in sizes and types to fit all standard installations. 

The outstanding quality and superlative reliability of Bristol pyrometer 
accessories is the product of more than 70 years of instrument building, 
55 years of industrial pyrometry. 

Write for complete data on Bristol pyrometer accessories today. The 


Bristol Company, 154 Bristol Road, Waterbury 20, Conn. o12 | 


24 Ri STO! ... for improved production 
through measurement and control | 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS | 
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PROBE-TYPE GAS DETECTOR 


New Model 521 Gas Detector can 
be operated as portable instrument 
with handy probe-type element, or as 
fixed indicator/alarm with up to 100 





ft of cable to detector element. Built- 
in  solid-electrolite nickel-cadmium 
battery and battery charger provide 
for portable power. Calibrated in per- 
cent of lower explosion limit of de- 
sired gas.—Houston Instrument Corp., 
Box 22234, Houston 27, Tex. 
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METAL-SHEATHED T/C WIRE 


New self-powered Temperature 
packed, metal-sheathed thermocouple 
wire, is available in seven sizes rang- 
ing from 7s” to 1/40” (0.025”) sheath 


thermocouple wires 

ly m0 
insulation 

a 


Enlarged 
sectios 














eS 


metal sheath 


OD. Supplied in all standard ISA 
calibrations (T, J, K, E, R, and S) 
with Type 304 s.s., Inconel, and plat- 
inum as standard sheath materials.— 
Pyrometer Co. of America, Inc., Penn- 
del, Penna. 
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REED CUT-OFF SYSTEM 


New Magnetic Reed Cut-Off Sys- 
tem, providing accurate cut-off con- 
trol of scale loading, consists of a 
magnet, reed switch, and relay. Oper- 
ating as a single-unit system, the 
pointer holding the reed switch is set 
to the point at which cut-off is de- 
sired. As the lead increases, the dial 
indicator travels up the scale until 
the magnet is opposite the switch and 
the reed makes contact and energizes 
the relay. A two-reed switch system 
can be used to provide control for two 
ingredients.—Howe Scale Co., Rut- 
land, Vt. 
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CARL 


| ZEISS 


WEST GERMANY 


INTERFERENCE 
MICROSCOPE 


For accurately measuring minute depths of rough- 








ness of super-finished surfaces, thickness of coatings, 
changes of surface structures due to wear, impact, 
stress, strain, corrosion, as well as for the studying of 
polished and etched metallurgical specimens. 

Magnifications of 80x, 200x and 480x. Built-in 
Thallium and white light illuminators. Photography 
on 35mm film (1 x 11% in.) 


Write for detailed literature and specifications 


on this industrial microscope. 


COMPLETE 
SERVICE FACILITIES 


CARL ZEISS, INL. 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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Thermopiles 


For many years the thermopile has 
been the accepted instrument for 
measuring Radiant Heat from Radiant 
Heaters at the American Gas Associa- 
tion Testing Laboratory in Cleveland, 
Ohio. Since 1930, when Vandaveer 
first described his work in this field,* 
an Eppley thermopile has been used 
for this purpose in hundreds of tests 
and the results have been consistent 
and accurate to within | per cent. 

This is but one of many applications 
in the field of radiant energy measure- 
ments for which Eppley Thermopiles 
are ideally suited. They may be ob- 


tained with windows of different mate- 
rials, and various types of black are 
available fo: receiver coatings. 


All Eppley Thermopiles are supplied 
with a certificate of calibration, this 
calibration being made against a 
Standard Lamp from the National 
Bureau of Standards. 


If you have a problem involving the 
measurement of radiant energy we 
invite you to write us, describing your 
problem in as much detail as possible. 
We will be glad to make recommenda- 
tions and there will be no obligation. 





*Vandaveer, Industrial & Engineering Chemistry, Vol. 22, page 596, June 1930. 
BULLETIN No. 3 ON REQUEST—Address: 2 Sheffield Ave., Newport, R. I. 


THE EPPLEY LABORATORY, INC. 


NTIEFEIC rN ae 








NEWPORT, RHODE ISLAND U S. A 
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(Z& makes the difference 
(oa 


Ultimate in convenience—all components accessible on slide-out chassis. 


Thermo Electronic signaling Controller 


This new, rugged, compact off-on signaling controller is simply designed, 
using proven components, to give you maximum accuracy, sensitivity and 
speed of response, in a minimum of space. 


Available as a potentiometer or bridge type unit. It will automatically, contin- 
uously, dependably provide two position control of any process you require, 
through the use of any DC signaling transducer. Corrective action follows 
almost instantaneously upon detection of even a 1 microvolt signal change. 


Bright Red-Green lights on the panel door signal process condition. The 
instrument needs just 56 square inches of your panel space. 


The Thermo Electronic Signaling Controller incorporates the new high-gain 
relay amplifier which combines high stability with exceptional sensitivity. 
Stability is + 1 microvolt, power gain, 135 decibels. Full amplifier sensitivity 
is used for standardizing. 


Tubes and parts are standard—obtained easily from any electronic parts 

outlet. The potentiometer circuit uses a flashlight battery as its power 
source. Front-set controls 
enable quick setting. Easily 
interchanged ranges, from 
1-100 millivolts, adapt to an 
exceptionally wide range of 
sensing elements. Fail-safe 
action protects expensive 
process equipment against 
transducer, component or 
power failure. 


Solve your two-position con- 
trol problems quickly and 
better with Thermo Elec- 
tronic Instruments. 


Write today for 
Catalog 51-12 


15.8” scale has large, easy-to-read numerals. 








WIRE STRIPPER 


New Model G Thermal Wire Strip- 
per which features a continuously- 
variable heat control for precise 
temperature adjustment required in 
stripping plastic-insulated wire, uses 


two parallel heating elements to 
quickly sever plastic insulation, and 
provides a pincers action to remove 
it with a slight pull. Strips Teflon as 
well as lower-melting materials such 
as vinyl, nylon, Mylar, Dacron, rayon, 
polyethylene, etc.—Western Elec- 
tronic Products Co., 655 Colman St., 
Altadena, Calif. 
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VACUUM FURNACE 


New High-vacuum Furnace, Model 
58-HD, for hardness tests up to 3000° 
F has a cylinder of sheet molybden- 
um, 3” ID x 12%” lg., as heating ele- 
ment. It can be readily evacuated at 


room temperature to a pressure of 
1x10 mm Hg by a 2” diffusion pump 
backed by a 4 cu-ft rotary gas bal- 
last double-stage pump. Normal pres- 
sure at 3000°F with this pumping 
system is in the range of 1x10* mm 
Hg.—Marshall Products Co., 270 W. 
Lane Ave., Columbus 2, Ohio. 
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PROVING RINGS 


New vernier scale as optional at- 
tachment has been added to Proving 
Rings. The measuring device indicat- 
ing ring deflection, consists basically 
of a vibrating reed and a micrometer 
screw which measures within 0.00001”. 
The addition of the vernier scale fa- 


cilitates reading with maximum ac- 
curacy—Morehouse Machine Co., 
1742 Sixth Ave., York, Pa. 
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Thermo Electric 10,00. 25 322 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontarlo 
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Telephone Relay 


interchangeable with 
many other makes 


Stromberg-Carlson’s type “E” relay 
combines the time-proven character- 
istics of the type “A” relay with a 
mounting arrangement common to 
many other makes. 

As the drawing above shows, uni- 
versal frame mounting holes and 
coil terminal spacing allow you to 
specify these relays—of “telephone 
quality” —interchangeable with the 
brands you have been using. Costs 
are competitive and expanded pro- 
duction means prompt delivery. 

Welcome engineering features of 
the telephone type “E” relay are— 


Contact spring assembly: maximum of 20 
Form A, 18 B, 10 C per relay. 

Coil: single or double wound, with taper tab 
or solder type terminals at back of relay. 
Operating voltage: 200 volts DC maximum. 

You may order individual can 
covers in a choice of 3 sizes for the 
new relay, as well as for our type 
“A” and “C” relays. 

For complete details and specifi- 
cations on the “E” relay and other 
Stromberg-Carlson relays, send for 
your free copy of Catalog T-5000R2. 
Write to Telecommunication Indus- 
trial Sales, 113 Carlson Road, Roch- 
ester 3, New York. 


STROMBERG -CARLSON 


A OIVISION OF 


GENERAL DYNAMICS 


See 
CIRCLE 101 ON READER-SERVICE CARD 


DC POWER SUPPLY 


New fully-transistorized, fully-en- 
closed D-c Power Supply, having a 
rating of 4 to 35 v at 0 to 4 
amp, mounts in a 19” rack, 3%” 


high, 10” deep. Output voltage is con- 
tinuously variable. Regulation is 
0.1% for load and line variations 
with no internal adjustments.—Dy- 
namic Controls Co., 1955 Massa- 
chusetts Ave., Cambridge 40, Mass. 
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AMPLIFIER PACKAGE 


New Dual-Channel Portable Am- 
plifier System provides a convenient 
power source for driving Massa pen 
motors or other recording galvano- 


meters. Basic Unit, Model ASA-200, 
consists of two completely transistor- 
ized driver amplifiers in a portable 
cabinet. Any two Massa interchange- 
able preamplifiers may be plugged in- 
to the basic unit—Massa Div of Elec- 
tronics, Inc., 5 Fottler Rd., Hingham, 
Mass. 
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OIL-FREE COMPRESSOR 


New line of portable, oil-free, pis- 
ton-type Air Compressors features a 
non-lubrieated piston (which includes 
a specially compounded Teflon cup 


backed up by a silicone “O”-ring) 
and a s.-s. cylinder liner. Receiver 
tanks, pressure switches, regulators, 
gages, relief valves, moisture traps, 
and air pur fiers are available as ac- 
cessories.—Winslow Mfg. Corp., 3695 
East 10th Court, Hialeah, Fla. 
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billions 
of trouble-free 
operations with 


MONITRON 


all-solid-state 


SEQUENTIAL 
SCANNERS 


MONITRON is an electronic scanner which 
monitors from 8 to 256 on-off or go-no-go 
input signals. Scanning rates range from 15 
cps to 1 kc, meeting the bandwidth require- 
ments of almost any application. 


CODER DECODER 


@ All solid-state components 
for years of reliable, maintenance-free 
service 

@ Modular, plug-in design 
for instant replacement and future system 
expansion 


@ Fully compatible 
with existing telephone, telegraph and 
microwave practice 


@ Available either in integrated systems or 
Component modules 


- 


Anywhere you have need for alarm monitoring, 
centralized control, or an automatic alarm- 
and-control closed loop,’ you'll find that 
Monitron offers performance advantages over 
any other system. 


Monitron is widely used for supervisory con- - 
trol in pipeline and railroad applications, for 

microwave alarm systems in unattended sta- 

tions, and for POM multiplexing systems. Other 

uses include telemetering digital information, 

converting parallel data to serial data, and 

time multiplexing of slowly changing or quasi- 

static signals. Cost is comparable with older- 

style systems; reliability and ease of opera- 

tion are way ahead. 


For more information: 


Moore Associates, inc. 
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REMOTE INSTRUMENTATION & CONTROL 


ee aetees cena sone aoe Sees tay Pee Gy A 


UP TO 


J cumnnets 


in the Voice Band! 


Comvor 


DATA TRANSMISSION 
TERMINAL 


U.S. PAT. 2,844,720 


DIFF PRESS TRANSDUCER 


New high-frequency-response Dif- 
ferential Pressure Transducer, Model 
PT69, is available in both uni-direc- 


- 


tional pressure ranges from 0-to-10 
psid to 0-to-3000 psid, and bi-direc- 
tional pressure ranges from +5 to 
+1500 psid. Suited for corrosive and 
conductive media.—Dynisco, Inc., 42 
Carleton St., Cambridge 42, Mass. 
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CONDUCTIVITY CELL 


New electrolytic conductivity cells 
with extra low cell constants of 
0.001/em and 0.002/em provide full 


ersatile and 


. V 
Reliable, o Insta 


simple ! 


Operates ove! rohan / 


d for 


j e 
Desig" Duty 


inuous ; 
Conti ible with all 


Compt End Equipment 


Telemetering 


RFL Pa 
Model 912 scale ranges of 0-1 or 0-0.5 micro- 
Op erates wed ee a ae Bond 
Wire Circuit signals over either wire line, microwave, or a aa soa ine Gee 
or Microwave carrier. Up to 90 individual information N. J. ig : 
* channels are available in the audio spectrum. CIRCLE 239 ON READER-SERVICE CARD 
Reliable _Reliable frequency shift method of 

High Speed keying is used, All essential controls such as REPEAT CYCLE TIMERS 

New line of low-cost, long-life Re- 


k transmitter output level and receiver input 
Continuous peat Cycle Timers of 4” x 3” x 2” 


level are included. 
Control o f Each terminal contains its own power size features spring switches in plas- 
Pumps, Valves, 


supply which provides an additional 60 
milliamperes at both the transmitter and 

Motors, Relays, 

Generators, etc. 


The Model 912 Comvor, an audio fre- 
quency shift terminal, is used in the trans- 
mission of telemeter, telegraph or control 





receiver for the operation of relays, step- 
ping switches, selector magnets, and other 
components used in telemetering, control 
and telegraph applications. 


RFL REPRESENTATIVES: 


1LL., MINN., IOWA, IND., WISC. 
W. L. Cunningham, Elmhurst, III. 
TEXAS, ARK., LA., OKLA. 
Datatrol Co., Dallas, Texas 
ALA., TENN., VA., N.C., S.C., GA. 
Dickerson Eng., Jacksonville, Fla. 
CALIFORNIA 
Luscombe Engr., Pasadena, Calif. 
ORE., WASH. 
J. E. Edstrom, Portland, Ore. 


SEND FOR TECH. DATA — For additional information, 
including application data, write or phone 
DE 4-3100. Demonstrations available 

by local representatives. 


quench | 
R adlo Ir git Y tic contact blocks, molded nylon cams, 


IN 
BORAT ORIES: i. cam followers and gear assemblies, 
w jersey, ¥: | printed circuit cables, and Jones-type 


CANADA ; 
Microwave Sys., Scarborough, Ont. 
terminal plugs.—A. W. Haydon Co., 


FOREIGN | 
Telesco International, New York | 232 North Elm St., Waterbury, Conn. 
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THE FLOW 
GOES 
STRAIGHT-THRU 





THIS ALL-NEW 
BROOKS 


MacPnuTrax 
TRANSMITTER 


ho pockets, no elbows 
to gum up the works! 








This is the rotameter-transmitter for 
your toughest flow-metering jobs. 
Brooks’ new Model 3611-MPTX. 

You can use it for slurries, still 
bottoms, Bunker oils, pthalic anhy- 
drides, tall-oil compounds—virtually 
any ‘problem’ fluid. 

You can use it for electric trans- 
mission, pneumatic transmission, or 
flow integration—or transmission 
and integration. 

Above all, you can use it with 
absolute confidence. 

Have a look at the transmitter’s 
unique magnetic float-position con- 
verter, and you'll see why. 

Design Specification Sheet DS- 








361 gives details. Write for a copy. 
360 J STREET 


LANSDALE e PENNSYLVANIA 








ROTAMETER COMPANY 
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PRESSURE BALANCED VALVES 


New Series 400 Pressure-balanced 
Valves, suitable for acids, gases, 
fuels, corrosive chemicals, oxygen, 
etc., require only 30 in-lb torque to 
shut off bubble-tight against 12,000 


psig. Features include: (1) all func- 
tional parts of stainless steel in a s.-s. 
forged body; (2) all seals self-ener- 
gizing and automatically compensat- 
ing for wear; and (3) a four-to-one 
safety factor (48,000 psig). Five 
turns of the handle are required to 
open the valve fully. Standard valve 
has %” flow passage and %” tube 
ports.—Robbins Aviation, Inc., 2350 
E. 38th St., Los Angeles, Calif. 
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LOW COST AIR DRYER 


New two-stage (non-regenerative) 
General Air Dryer combines both 
mechanical and chemical methods pro- 
viding a dewpoint of —20°F. The | 
first stage utilizes a helical centrifu- 
gal chamber as a pre-filter; the sec- 





| 


| 


ond stage uses a desiccant, “General | 
Beads,” a polychemical base, which | 
requires no heat treatment. 12 stand- 
ard models are available ranging up 
to 2250 scfm.—General Welding & 
Fabricating Co., 1702 Peninsula Drive, | 
Erie, Pa. 
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for missile and radar sleevings, 
cable sleevings, barrier insulation, 
and similar applications, 
use large size 


Electrical Tubing 


MADE FROM 


PF tubing made from Tefion in sizes 
from ¥%" to 1" for electrical appli- 
cations is widely used because of: 
[EB the OUTSTANDING electrical 
and physical properties of Teflon, 
including: dielectric breakdown 
(18,000 volts or greater); lowest di- 
electric constant (2.0); no change of 
electrical properties with tempera- 
ture (-25°C. to +250°C.) or fre- 
quency (60 cycles to 100 me); 
unaffected by moisture; low coeffi- 
cient of friction; flexibility; very low 
permeability. 
the OUTSTANDING design, 
engineering and production techni- 
ques developed by Pennsylvania 
Fluorocarbon to assure you of: 
tubing that is consistently uniform 
in dimensions; prompt deliveries; 
the tailoring of Teflon with colors 
for identification or with modifica- 
tions for improved texture and 
mechanical properties; competitive 
prices. 

Write, wire or call for a prompt 
quotation on your needs. 


PENNSYLVANIA 
FLUOROCARBON CO., INC. 


1115 N. 38th Street, Phila. 4, Pa. 
EVergreen 6-0603 TWX: PH 252 


*Du Pont registered trademark 
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an economical 
new line of 


DIGITAL 
TEST 
EQUIPMENT 


New low-speed, low-cost 
version of Digital's unique 
patchcord-interconnecting 
building block test units. 


Coordinated logic packages 
Operate at any speed up to 500 kc. 


Directly compatible with 5 mc. line 
Priced as low as $43.00 per unit 


Graphic front panels — a 


Digital first —- make the 
3000 Series ideal for educa- 


tional uses. Also a great time- 
and work-saver in test and 


development projects. Write 
for complete information on 


this new line of high quality, 
high reliability DEC Digital 
Test Equipment. 


digital 
‘EQUIPMENT 
CORPORATION 


MAYNARD, MASSACHUSETTS 


WEST COAST OFFICE: 690 N Sepulveda Biva 
Et Segundo, California (EAstgate 2-5707) 
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OSCILLOSCOPE CAMERA 


New modular Oscilloscope Record- 
ing Camera “Minute Man Oscillotron,” 
said to be simplified, features a Po- 
laroid-Land back providing either 60- 
sec prints or transparencies. Attaches 
to any 5” oscilloscope. Wollensak 
75mm, f/2.8, f/1.9 standard, or f/1.9 
flatfield lenses are interchangeable.— 
Beattic-Coleman, Inc., 1056 N. Olive 
St., Anaheim, Calif. 


ae 
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WIDE RANGE OHMMETER 


New Wide Range Ohmeter uses an 
extremely low test potential which 
makes it especially suited for meas- 
urement of semiconductors. Power dis- 
sipated in sample is 0.036mw, and at 
500 K only 0.0004 uw. Range is 50 
mohms to 5,000 Mohms. Accuracy is 
approx. +3.0% of scale length.—Mid- 
eastern Electronics, Inc., 32 Com- 
merce St., Springfield, N. J. 
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MINIATURE RADIOMETER 


New water-cooled Miniature Radio- 
meter for measurement of short 
pulses of every intense thermal ra- 
diation such as in solar or are fur- 
naces requires only effective area of 
0.001 sq in and has high response 
speed of less than 0.01 sec.—Arthur 
- Ruge Associates, Inc., Hudson, 
N« fi. 


. 
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LOAD LIMITING RELAY 


New R-27 Load Limiting Relay for 
pneumatic control systems on centri- 
fugal refrigeration compressors lim- 
its the opening of the capacity regu- 
lating inlet valves or dampers to 
maintain a predetermined maximum 
motor current regardless of the de- 
mands of other controllers.—Johnson 
Service Co., 507 East Michigan St., 
Milwaukee 1, Wis. 
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HOT PLATES 


New series of Hot Plates, Type 
2200 Thermolyne, features a bimetal- 
lie control unit for stepless control of 
temperature from 10° above ambient 
to 700°F. Operation is from 115-v or 
230-v line. Bulletin HP-221 gives de- 
tails—Thermo Electric Mfg. Co., 536 
Huff St., Dubuque, Towa. 
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New Kelvin Bridge, Model 633, 
with range from 10 microhms to 100 
ohms can use test leads up to 100 ft 
and above while maintaining an ac- 
curacy of + 0.25% above 100 mi- 
crohms and +1 microhm below 100 
microhms.—Shallcross Mfg. Co., 
Selma, N. C. 
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MINI DELAY LINE 


New Type 7C Series Miniature De- 
lay Line; which meets the need of 
compact delay lines with low attenu- 
ation, linear phase shift character- 
istics and wide bandwidth for appli- 
cations such as computers, radar and 


power circuits; features hermetically- 
sealed construction, operating tem- 
perature ranging from —35°C to 
+125°C with 500-v peak working 
voltage, and temperature coefficient 
0.005% °C. Rise time is 7% of the 
time delay for most types. Frequency 
response is over 10 mc bandwidth with 
attenuation less than 1.2 db/usec de- 
lay at low frequencies.—AD-YU Elec- 
tronics Lab., Inc., 249-259 Terhune 
Ave., Passaic, N. J. 
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PRESSURE INDICATOR/ 
TRANSMITTER 
New Model 231 Indicating Trans- 


mitter, for pressure indication at 
point of measurement or within 300 
ft, electrically transmits the measure- 


from Honeywell. QP ANOTHER DIAMOND JUBILEE PRODUCT 


WHEN YOU HAVE 


2 to 10 Volts 


extraneous common mode signals 


AND WANT TO MEASURE 
0.1 to 100 millivolts full scale 


3 Millivolts 


AND THEN AMPLIFY 


CHOOSE THE NEW HONEYWELL 
D-C AMPLIFIER 


CleculLlata IT 


wide-band differential all- 
transistor D-C Amplifier for 
strain gages and thermocouples 


@ Full Scale input: Unbalanced: + 100 uv to + 100 mv 
Differential: = 3 mv to + 100 mv 


Open Loop: Below drift level 
@ Full Scale Output: = 2v at 50 ma, dc to 10 kc 
@ Frequency Response: to 20 kc 
© Output Impedance: Less than 0.5 ohm at dc on all ranges 


Unbal 





@ input imped d 3 to 100 mv ranges; greater 
than 20 megohms in paralle) with 350 micromicrofarads. 


Differential: Greater than = 2 megohms 
® Equivalent D-C Input Drift; Less than 2 nv/10°F ambient temp 
change on 0.1 to 30 mv input ranges 


®@ Equivalent Input Noise: 4uv peak-to-peak on 100 pv to 300 pv 
range (0-10 cps). 8uv rms on 10 to 30 mv ranges (0 to 100 ke) 


@ Common Mode Rejection: 200,000 at 60 cps on 3 to 30mv ranges 





} 
| The new Honeywell AccuData II is a completely transistorized D-C Amplifier 
designed for use in high accuracy data handling systems as a wide-band pre-am- 
plifier for strain gages and thermocouples. Its output can be fed to electronic 
or electromechanical analog-to-digital converters and simultaneously recorded 
on galvanometer oscillographs or magnetic tape. Either differential or single- 
ended input modes can be selected by an eleven position range switch. This 
switch changes the gain in three-to-one steps. Intermediate gains with high 
resolution are provided by a ten-turn potentiometer Write for AccuData II 
Bulletin to Minneapolis-Honeywell, Dept. 50, Boston Division, 40 Life Street, 


Boston 35, Mass. 
Honeywell 
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ment to any Hays remote-located re- 
corder or indicator, Applications in- 
clude measurement of pressure (or 
draft), differential pressure (flow) 
of air or non-corrosive gases (ranges 
from 0-0.2” to 0-120” WC), and static 
pressure up to 65 psig.—Hays Corp., 
Michigan City, Ind. 
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; MINI CIRCUITRY TERMINAL 
ROTAR multi-pole SWITCHES | New very small Push-in Terminal, 
multi-circuit | T28, for +” round holes, has serra- 


tions in the main slot gripping small 


— standard or special — 

to meet your requirements and 

MIL or BuShips specifications 

for simple or complex circuit control. 


Here are typical designs that show 
the versatility of Esco construction. 


Write for Bulletin 8A or call us for details. 


Style and Size 


Loads and Circuits 


ES 
CY 





Single-control 
tandem pair; 
snap-action; 
7 X 19 inches X 
20 inches behind panel. 
75 \|bs. approx. 


200 amps. 500 v. a-c 
6-pole, triple-throw; 

30 amps. 500 v. a-c 
20-pole, triple-throw. 





Quick-connect 
terminaling for 
snap-on wiring; 
31% inches diameter, 
3 inches behind panel. 
8 oz. approx. 


10 amps. 125 v. a-c 
single-pole 
4-position; 
snap action. 





2-way drive 
by 6-volt solenoids; 
3% inches diameter, 
1814 inches long. 
12 Ibs. approx. 


10 amps. 

125 v. a-c 
34 poles, 
2 positions. 








High-current 
low-voltage tap switch; 
1034 X 1034 inches, 
14 inches behind panel. 

25 Ibs. approx. 


150 amps. 6 v. a-c 
6-pole 
12-position. 





Lever-actuated 
miniature switch; 
1144 X 1% inches. 
114 inches behind panel. 
2 oz. approx. 


3 amps. 125 v. a-c 
4-pole 
3-position. 





3-gang, gear-drive 
single-control switch; 
6%, XX 7%, inches X 
14 inches behind panel. 
25 Ibs. approx. 


5 amps. 125 v. d-c 


75 poles 
2 positions. 


component leads, which make it ideal 
for experimental breadboarding. No 
staking is needed.—Vector Electronic 
Co., 1:00 Flower St., Glendale 1, 
Calif. 
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LAB PRESSURE GAGE 


New gearless 6” Pressure Gage is 
said to retain its accuracy permanent- 
ly, with no maintenance or recalibra- 
tion required throughout its life, even 


when exposed to extreme shock, vi- 
bration, and line pressure surges. In- 
dividually calibrated by dead weight 
tester to a guaranteed accuracy of 
+% of 1%, they are now available in 
pressure ranges from 0-100 to 0-10,000 
psig. Measuring element is a helically 
wound bourdon tube.—Glassco Instru- 
ment Co., 777 South Arroyo Parkway, 
Pasadena, Calif. 
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SHIFT REGISTER 


New low-cost, high-speed, four- 
stage Shift Register, Model 1801, fea- 
turing three inputs and eight outputs, 


can be cascaded to form a multistage 








shift register. This new digital com- 
ponent replaces four standard flip- 
flop B_ units—Harvey-Wells Elec- 
tronics, Inc., R & D Div., East Natick 
Industrial Park, Natick, Mass. 
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ELECTRO SWITCH CORPORATION 
A Weyr 
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IN-LINE VALVE 


New compact %” In-Line Valve 
has a C, of 7.5 (normal %” valves 
have C, of 4.0). Only 2%” in dia and 
3%” in length including hexagonal, 
screwed connections, it is ported on 
beth sides of the operating piston and 


ZINN N 





Lip 
a 


can be assembled for spring-to-open 
or spring-to-close operation. Can be 
furnished with Teflon or other soft 
seats and can be engineered to spe- 
cific requirements for control signal 
actuation. Viton “O” rings are avail- 
able for corrosive and high-tempera- 
ture applications—George W. Dahl, 
Co., Inc., 86 Tupelo St., Bristol, R. I. 
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16-CHANNEL RECORDER 


New Multi-Channel Recorder of 


modular construction has interchange-. 


able pre-amplifiers and drivers which 


permit rapid change-over from one 
test to another. Five modular pre- 
amplifiers are stocked.—Epsco/Wor- 
cester, a Div. of Epsco Inc., 207 Main 
St., Worcester 8, Mass. 
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DIGITAL LOGIC BLOCKS 


New line of compatible Transistor- 
ized Digital Logic Blocks for adding 
digital functions to new or existing 
systems and equipment, available 


with either of two standard types of 
mountings, computer and panel, fea- 
tures low power consumption and 
complete compatibility between blocks. 
—Control Equipment Corp., 19 Kearn- 
ey Rd., Needham Heights 94, Mass. 
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HI ACCURACY o.2”% 
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New Marconi Capacity Bridge enables difficult measurements such as 
temperature co-efficients, circuit strays and tube interelectrode capacities 
to be easily made. Capacitors already wired into circuits can be checked 
without removal by the three terminal “‘in situ’’ method. 
Model 1342 uses the transformer ratio arm technique which permits 
measurement of small capacities at the end of long screened leads to 
be measured without loss of accuracy. 
Brief Specification 
0.002 to 1,111 uuF 
EERE SEL +0.2% 


Frequency:. 1 Ke 
Decimal point inserted automatically 


BOOTHS 
3301-3-5 


111 CEDAR LANE e ENGLEWOOD, NEW JERSEY 
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Combustible Gas Parts Per Million Thermal Conduc- Continuous Oxy- 


Detector Systems. 
Continuous Plant 
& Work Area 
Control. 


Analyzers — For 
measurement of 
toxic gases and 
vapors. 


tivity Gas Analyz- 
ers. Gas Purity 
and Plant Process 
Control. 


gen Analyzers. 
Systems for analyz- 
ing and recording 
Oxygen content of 





Bulletin 11-36 Bulletin 11-70 Bulletin 11-17 process gases. 


Bulletin 11-40 


CHROMA-MATIC 2222S ee ee ee 


t avis INSTRUMENTS 
i 80 Halleck Street, Newark 4, N. J. 


§ Please send Bulletin No(s). 





CHROMA-MATIC 
-~ Process Stream 


Analyzers. High 
speed Chromatog- 
raphy units for 
Plant Stream Mon- § yame 











itoring and Pro- § pany 








cess Control. 
ADDRESS. 





Bulletin CM 1-59 i 
CITY. STATE 
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Established Quality 


YEW Since 1915 


Presents Its 


NEW Portable Series 


DC, AC and High Frequency 
Voltmeter and Ammeter 


DECIMAL ELECTRONIC SWITCH 


New Beam-X Switch combines 
vacuum and magnetic techniques in 
a functional decimal electronic switch- 
ing device said to be a revolutionary 
breakthrough in size, weight, cost, 
and important operating parameters. 
It performs such digital functions as 





e 
e 
® 
e 
e 
& 
e 
e 
e 
e 
e 
e 
e 
e 
e 


Model MPF 
counting, distributing, multiplexing, 
sampling, coding, timing, gating, mat- 
rixing, dividing, decoding and con- 
verting. Ten outputs make it essen- 
tially ten devices in one. It eliminates 
90 transistors, diodes and resistors in 





DC: Model MPF 
7X OEY, foto (-1 nS) od = ON d= 
HF: Model TPF 


Model L-5 


YEW 














Insulation Tester 


Model L-5 


Vacuum Thermocouple 


Models VL-25. VL-7 


Write for complete catalog and specifications: 
YOKOGAWA ELECTRIC WORKS, Inc. 
40 Worth Street - New York 13, N. Y. 


eeeeeveeveeseeeeeeeeveeeeeeeee eevee ee 
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DOUGLAS AIRCRAFT 


TULSA DIVISION... 
assures effectiveness 
of its protective boiler 
flame controls with... 


MICRO POWER 


In plants like Douglas Aircraft Company, 
Inc., in Tulsa, Oklahoma, where a contin- 
ual supply of steam is vital to production 
processes, every precaution must be taken 
to assure against the hazards of boiler 
flame-out. To safely regulate its burners in 
the event of flame-out, the company util- 
izes highly sensitive electric controls. Since 
these flame failure controls are electric and 
must depend on a constant, unwavering 
power supply for successful operation, this 
is achieved with MICRO POWER. 

At Douglas Aircraft in Tulsa, Micro Power 
serves as the dependable rear guard to the 
boiler room. It provides a constant source 
of steady, independent electrical power as 
required by the safety controls, thereby 
eliminating voltage fluctuations and pro- 
tecting against power failure. 

: \ write... 


eee 


MICRO POWER IS 
ALSO USED... 


@ on microwave systems for communications, 
for remote control, for telemetering. 

@ for refinery and chemical process indication 
and control. 

@ by public utilities through microwave for 
protective relaying, telemetering and load 
distribution. 


MICRO POWER PROVIDES... 

@ a constant uninterrupted source of electric 
power. 

@ voltage and frequency at usable value during 
transfers between motor and engine. 

®@ stable voltage output. 

@ flywheel starting — no storage batteries. 

®@ electrical isolation from commercial source — 
voltage dips, peaks and breaks do not affect 
microwave equipment, no transfer switch. 


For complete information on this and other Micro Power applications, 


J UNITED STATES MOTORS CORPORATION 


\\ 
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a typical ten-position switching appli- 
cation. Each of the device’s ten posi- 
tions has (a) memory, (b) constant 
current output, and (c) _ positive 
switching elements to ensure stability 
of operation —Burroughs Corp., Elec- 
tronic Tube Div., Plainfield, N. J. 
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DUAL FLIP-FLOP 


New Dual Flip-Flop package, Type 
4209, the “4000 Series” of System 
Building Blocks, operating at speeds 


up to 500 ke has a direct and gated in- 
put to the zero and one side, and each 
has one pulse gate internally con- 
nected to the gated one input termin- 
al.—Digital Equipment Corp., May- 
nard, Mass. 
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TEMPERATURE CONTROLLER 


New non-indicating Temperature 
Controller for range of 0°F to 1100°F 
is suitable for direct operation of non- 
inductive electrically heated processes 


or operating electric switchgear for 
diversified electric loads. A_liquid- 
filled bellows-type instrument it is bi- 
metal compensated for ambient tem- 
perature changes. Case is a 4” square 
x 2” deep.—R. A. Ekstrom Co., Box 
206, Harvey, Iil. 
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STATIC FLIP-FLOP TESTER 


New package Tester, Model FT-10, 
which affords a complete test facility 


for its transistorized static flip-flop 
Model FS-10, consists of control 
switches, a microammeter, and oscillo- 
scope test points.—Computer Control 
Co., Inc., 983 Concord St., Framing- 
ham, Mass. 
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DUAL MANOMETER 


New low-cost Dual-Range Manom- 
eter, No. 1226 can be used eithe as 
a vertical U-tube- or as an inclined- 
manometer for low pressures. Said to 
be the only one of its kind with this 


unique feature, U-tube manometer 
measures pressures or pressure dif- 
ferentials from 0 to 16” W.C. Inclined 
yage reads from 0.20” to 0 to 2.60” 
WC. Offered in a complete package 
including tubing, carrying case, and 
all’ accessories. U-tube is extruded 
from heavy, transparent Butyrate 
and’ the flexible connecting tube is 
from clear Tygon.—F. W. Dwyer 
Mfg. Co., Dept. IT-5, Box 373, Michi- 
gan City, Ind. 
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BEAM BALANCE 


New automatic indicating Beam 
Balance features continuous automat- 
ic variable readout for any applied 
pressure within its range with an ac- 


euracy of one part in 3000. A travel- 
ing weight opposes and balances the 
applied pressure automatically from 
either an absolute or differential ref- 
erence.—Ideal-Aerosmith, Inc., 3913 
Evans Ave., Cheyenne, Wyo. 
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Thermo -hygrographs in 8”, 10”, 12” chart sizes. 








a ‘ 





in 
Indicating 


and Recording 


Thermometers 


and Hygrometers 


SYMBOL 
OF 
QUALITY 


; 


Ta | 


— mn | 





Dial Thermometers in 342”, 42”, 6”, 82” dial sizes, 


Say the word “thermometer.” Chances are that the next name you think of is 
WEKSLER. 
Engineering and product excellence is a tradition at Weksler, and the proof is 
in the reliable performance of over a million Weksler Instruments in every part of 
the world. 
The Weksler Specification Bulletin covers a complete line of instruments ... indus 
trial thermometers, dial thermometers, recording thermometers, recording hygrom- 
eters, bi-metal thermometers, laboratory thermometers and hydrometers. Write 


for your copy. 


WERECER, 


“ORIGINATORS OF WORLD RENOWNED ADJUST-ANGLE THERMOMETERS” 


WEKSLER INSTRUMENTS CORP. 


95 EAST MERRICK ROAD 


FREEPORT, | N 
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NEW INSTRUMENTS 





CORROSION MEASUREMENT 
PROBE 


New Corrosion Measurement Probe 
which checks electrical resistance can 
detect the slightest change in humid- 
ity, ozone concentration, water con- 
tent in non-aqueous liquid, or other 
environmental conditions which have 
a tendency to attack metal. The essen- 
tial element of the probe is a vacuum- 
deposited film of metal, 2 to 50 mil- 
lionths of an inch thick. As the instru- 
ment connected to the probe can de- 
tect as little as five billionth of an 
inch of metal loss, the concentration 
of the corrosive compound can be ex- 
tremely small, yet quickly detected.— 
Thompson Ramo Wooldridge Ince., 
8433 Fallbrook Ave., Conoga Park, 
Calif. 
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VITON-FACED PLUG VALVES 


New Eccentric Valves, through 6” 
size, with Viton-covered plugs provide 
a dead tight shutoff on highly corro- 
sive liquids, gases, and slurries. The 
physical properties of Viton make it 
an ideal plug facing material. It does 
not cold flow, it is highly resilient, 
and on some services it can be used to 
350°F.—DeZurik Corp., Sartell, Minn. 
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TAPE-READER SPOOLER 


New Model 4588 Spooler unit takes 
up 300 ft of punched paper or Mylar 
tape. 6”-dia reel unit can be used with 
standard Dykor photo-electric readers 
for speeds up to 300 characters/sec 
if fast stop requirements are to be 
met.—Dykor Tape Reader Div., Digi- 
tronics Corp., Albertson, L. I., N. Y. 
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MANUAL DIGITAL VM 


New Monitor Panel, Model ENO-2, 
for high accuracy strain gage instru- 
mentation which reads bridge excita- 
tion voltage and bridge unbalance to 
a 0.1% accuracy, uses an ultra-stable 
zener-diode regulated supply. Meter 


marked “Balance” is used to set the 
zero output level of a strain gage 
bridge. In static tests, however, this 
instrument can also be used as a 
strain indicator. It gives a direct 
reading (in mv) of the unbalance 
which the gage has experienced dur- 
ing the test. Thus the instrument per- 
forms as a manual, digital voltmeter. 
—Video Instruments Co., Inc., 3002 
Pennsylvania Ave., Santa Monica, 
Calif. 
CIRCLE 266 ON READER-SERVICE CARD 


ADAPTER PANEL 


New Adapter Panel for the portable 
2-channel Recorder, Mark II, is de- 


signed for mounting in a standard 19” 
rack, which does not affect its porta- 
bility—Brush Instruments, 37th and 
Perkins, Cleveland 14, Ohio. 
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COATED RESISTANCE WIRE 


New resistance-alloy Wire with a 
dual-layer, high temperature insula- 
tion of Ceron, (ceramic plus Teflon) 
is capable of operating continuously 
at temperatures of 250°C, and up to 
300°C for short periods. The combina- 
tion offers also excellent solvent re- 
sistance. Ceron is a trademark of 
Sprague Electric Co.—Kanthal Corp., 
Amelia Place, Stamford, Conn. 
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LOCATE - ANALYZE - COMPARE 


Electro Probe makes possible measurement and lo- 
calization of noise and vibration—precision attenu- 
ator assures accuracy of setting—provision for use 
with Oscilloscope for frequency measurement and 


wave form studies. 


Electro Probe is being used by industry for— 


* Quality Control 
© Design 

* Maintenance 

© Inspection 


¢ Aids ferrous metal grinding— 


burnishing 


Let us help you with your problems. Our experience 


is available to you. 


ERWOOD, Inc. 


1770 W. BERTEAU ST., CHICAGO 13, ILL. 











Complete Coverage 


CONTROL VALVES 


236 pages plus viii, numerous tables & illustrations 
Covers: Flow characteristics, mechanical features 
valve capacity, sizing, body types, 
positioners, actuators, etc. 


REGULATORS & RELIEF VALVES 


by C. S. Beard and F. D. Marton 

204 pages plus ix, 1959, illustrated 
. . . this second of the Control Valve series covers mechan- 
ically-loaded and pneumatftally-loaded pressure regulators; 
regulators for back pressure, vacuum, flow & pump discharge; 
temperature & gas regulators, safety & relief valves . . . 


INSTRUMENTS PUBLISHING CO., INC. 
845 Ridge Ave., Pittsburgh 12, Pa. 


for only 
$4.00 


by C. S. Beard 


$2.00 
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ENVIRONMENTS TEST | for for 
CHAMBER HEAT-Sensitive PRESSURE-Sensitive 


New combined Environmental Test systems systems 
Chamber simultaneously produces any 


temperature from —100°F to +500°F yeaes Renee ccccs pocce coess coccs snes coses cones bases coe. \ “>= 5— 
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and any altitude from earth level to 
200,000 ft while vibrating missile as- 
semblies or components. Test space is 
8 cu ft.—Itemlab, Inc., 18 Beechwood 
Ave., Port Washington, N. Y. 
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SCALER RATEMETER 
New Model 555 Scaler Ratemeter 

combines an advanced scaler, pre- CUSTO M 

cision-ratemeter, integral-analyzer, 

—arwi te CHART PAPERS 

supply, and audible clicker-howler. 
You get the full potential from your recording systems when 
you use custom-made chart papers by Ludlow. Precision 
engineering assures constant fidelity. Write for free samples 


and literature or tell us your requirements. Ludlow Papers, 


Ware, Massachusetts, Dept. 162. 
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Operating with any Geiger or scintil- F R E E - Ueda job your Copy: 
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lation detector, it provides in one com- 
pact package all basic elements needed 


for medical isotope work. Features in- y 
clude simultaneous digital and analog N EWARK S N EW 
displays.—Baird-Atomic, Inc., 33 Uni- 2 a 
versity Rd., Cambridge 38, Mass. Afi in d u S tr | af 
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CODEWRITER roy‘ w- molem, [emu Ze) 


New Codewriters, a group of elec- 
tronic data*’input and output ma- é 
chines, which, print characters seri- i oo 
ally, are capable of discrete line or Semi-Conductor Headquarters for ' Newark stocks and distributes - 

: Industry at Quantity Prices over 450 top lines covering 
Competitive with Manufacturers every phase of electronics! 


Audio Devices © CBS ¢ General Transistor 

e General Instrument ¢ General Electric 

¢ Hoffman ¢ Hughes ¢ Motorola ¢ Philco 

e Raytheon © RCA @ Sylvania ¢ Ohmite 

e Sarkes Tarzian ¢ Texas Instruments 
e International Rectifier 


Your One-Point Source for All Your Electronic Needs 
binary connection to the basic data ; 
handling unit or media creation 
equipment. Both alpha-numeric and J \) 32 
numeric-only printouts are available. ELECTRONICS CORPORATION 
—Royal McBee, Industrial Products Formerly NEWARK ELECTRIC CO. 


Div., 740 N. Main St., West Hartford Dept. IN-3, 223 West Madison Street, ia hi is 


17, Conn. Dept. IN-3, 4747 West Century Blvd., | ' 
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MEASUREMENTS’ UH 


Standard SIGNAL GENERATOR 


(400—1000 Mc.) 


MODEL 84-TVR 


Aligning and tracking of UHF receivers including 
sensitivity, signal-to-noise ratio, conversion gain, selec- 
tivity, overload, avtomatic gain control, image and 
intermediate frequency rejection ratios, quieting and 
stage gain. 


Driving source for slotted lines, for R-F bridges, and 


WRITE FOR BULLETIN 


other impedance measuring devices. 
Standing wave measurements on transmission lines. 
Measuring antenna patterns and gain. 


Testing and alignment of Citizen's Band, _UHF tele- 
vision, FM, and Mobile i 








MEASUREMENTS 


A McGraw- Edison Division 
i-Rekes Rael, Me. ia) Arn 3. o-3 ed 
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LAMINATED & SOLID GLASS 


FILTERS 


INDUSTRIAL * SCIENTIFIC 
* PHOTOGRAPHIC 


PRECISION OPTICS 


WINDOWS * PRISMS 
* WEDGES 


SPECIALIZED 
GLASS 


VYCOR * PYREX * QUARTZ 


PRECISION 
HOLE DRILLING 


TOLERANCES TO .0001” 


PRECISION EDGING 
SAWING, MACHINING 
ON ALL TYPES OF GLASS 

& CERAMICS 


PRECISION 


OPTICAL MACHINING 


° SARRELS © ° EvePitens 








ee gList y 
wareans OUR STE 





*), INDUSTRIAL DIVISION 
71 Jane St., Roslyn Heights, L.1.,N.Y. 
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DRAGON 


SPECIALISTS IN 
NEEDLE VALVES 


VALVES FOR... 
Liquid Gases 
Remote Control 
Corrosive Fluids 
Hydraulic Systems 
Pneumatic Systems 


WIDE RANGE OF SPECS... 

* Vacuum to 30,000 psi 

* —320°F to +1200°F 

« ¥” thru 1” in NPT & 
AND-10050 Tubing Ends 

* Made from Carbon Steel, 
4140, Monel, Aluminum, 
Brass, and Stainless in 
types 303, 304, 316, 321, 
347, 416, ‘and Alloy 20 





* Teflon & other packings 
* Panel Mountings 
¢ Manual and Air Operated 
¢ Send for catalog 


Dealers in All Major Cities 


3) ¥-Nere) | 
ENGINEERING CO., INC 
= fl P.O. BOX 185 


NORWALK, CALIF 
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CONTROL UNIT FOR 
ENVIRONMENTAL CHAMBERS 


New integrated Control Unit for 
low-temp high-temp chambers using 


DEVENCO CO, CONTR UNIT 
otal 17 


liquid CO. for cooling features plug-in 
connections for temperature control- 
ler, fan motor, and heating circuit, 
which is an independent circuit opera- 
ting through a heavy duty relay.—De- 
velopment Engineering Co., Inc., 9 
Cross St., Norwalk, Conn. 
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MODULAR OSCILLOGRAPH 


New Modular Oscillograph, Type 
5-123, affords a variety of configur- 
ations by combining mounting, record 
transport, optical, drive, and front 
panel controls. 36 and 50 channels are 
basic. Record speeds range from “very 
slow” to 160”/sec. 12” direct-print- 
out paper is standard.—Consolidated 
Electrodynamics Corp., °360 Sierra 
Madre Villa, Pasadena, Calif. 
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ELECTRIC SYSTEMS CABINETS 


New standard Cabinets are suited 
to house digital data processing equip- 
ment, analog computing circuits, and 





electric process control, all in the 
same standard cabinet. Modular com- 
ponents are plugged into a’ wiring 
plane. Product Spec G71-6 gives de- 
tails —Bailey Meter Co., 1050 Ivanhoe 
Rd., Cleveland 10, Ohio. 
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EXPLOSION-PROOF HOUSINGS 


New cast-aluminum-alloy Explo- 
sionproof Housings, tested at pres- 
sures up to 275,000-lb force exerted 
against the cover, are UL approved 


in Class I, Group D, and Class II, 
Groups E, F, and G, hazardous loca- 
tions. In addition they will not rust, 
are non-magnetic, non-sparking, and 
are light in weight. Flanged surfaces 
are ground flat to 0.0015”, and do not 
utilize gaskets. Bulletin 160 gives de- 
tails —Adalet Mfg. Co., 14300 Lorain 
Ave., Cleveland 11, Ohio. 
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POCKET REFRACTOMETERS 


New line of Refractometers gives 
a quick and convenient means of deter- 
mining sugar and starch content, total 
protein in serum, and refractive index 
of liquids. Models available: 0-32% 
and 30-60%, soluble solids, and triple- 
range model 0-90% (divided range 
0-43%, 41-73%, and 71-90%). Special 
starch model 0-27% for sizing and 
starch content. Weight: approx. 9 oz. 
Write for literature—Kernco Instru- 
ments Inc., Box 1284, Church St. Sta., 
New York 8, N. Y. 
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DECIMAL TIMER BOARD 


New Century Decimal Timer fea- 
tures Incabloc jeweled shock-protec- 
tion, unbreakable mainspring, and 7 
jewels. Large red minute hand regis- 


ters up to 60 min. Outside dial di- 
vision reads in 100 units, inside red 
division reads in sec and/or min. 
Timer boards are made of black Plexi- 
glass —Heuer Timer Corp., 441 Lex- 
ington Ave., New York 17, N. Y. 
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How Do You Meacure and Sort? 





...With Digital Display 


Here are two ways of presenting accurate measurement information. 
One requires a scope and a skilled operator. The other—an Eldorado 
system—gives the result in easily read digital form. The Eldorado 
system can be used by unskilled personnel to give more accurate 
results at lower costs and, since it is a digital system, it can be 
adapted to automatic control production or test processes. 


Two Typical Functions of Eldorado Systems: 


1 Analysis as to Size. Eldorado has basic circuits which 
analyze pulse height. All that is required is a transducer capable 
of feeding pulses proportional to size of the physical phenomena 
to be measured and sorted. 


2 Analysis as to Time. Other Eldorado systems accurately 
count and store the number of events occurring in any number 
of discrete and consecutive time intervals. Again, the only other 
component needed aside from the system is a transducer. 


NOTE: Each Eldorado system is designed for a specific application. 
Eldorado will be happy to discuss yours in detail. Contact your Eldo- 
rado representative, or write us direct. You'll have a quick answer. 


7 Please address Dept. 35-3 


HBildorado Bilectronics 


2821 TENTH STREET * BERKELEY 10, CALIFORNIA 
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Mastergauge alone brings you “Conoweld” leak- 
proof, one-piece tubing and socket; sturdier 


Marshalloy case; precision mastergauge move- 
ment; stainless tube and socket when required. 


Mastergauge is standard bearer for the broad 
line of Marsh Gauges for every service. 


MARSH INSTRUMENT COMPANY, Dept. 42. Skokie, Ill. 
Division of Colorado Oil and Gas Corporation 


Marsh instrument & Valve Co. (Canada) Ltd., 6407 103rd St., Edmonton, Alberta 
Houston Branch Plant, 1121 Rothwell St., Sect. 15, Houston, Texas 


Welle fan 
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Instrumentation 
for 
Flow 
Visualization 


Schlieren Systems 
Interferometers 
Wind Tunnel Optics 


Our new catalog 
is now available 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 
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IMPROVES 


STOPWATCH 


LEGIBILITY BY 


New Central Register design improves 
legibility over all other Timers. Heuer 
Century Decimal Timer 
Heuer's 

exclusive features: 

1. Doubled register ca- 
pacity—r center 
hand registers 
up to 60 min- 
utes. 

. Smart black 
nonreflecting 
finished cases 
—twice as hard 
as standard 
chrome. 

. Incabloc few- 
eled shock-pro- 
tection and 
unbreakable 
mainspring. 

Remarkably low $25.00 Ref. 33.213 
Timer Boards from $10 
GUARANTEED REPAIR SERVICE 
on all fine timing instruments 


FREE estimates 
Write now for FREE “Century Timer Cata- 
log'""—Over 60 Different Timers 
Sales and Service in U. $. Solel 
Through Dept. ICS_ Tel. Oxford 7-2150 


HEUER TIMER CORPORATION 


441 LEXIINGION AVENUE, NEW YORK 
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TIME ANALYZER SYSTEM 


New 82-channel Time Analyzer 
System 0900, accurately counts and 


stores digital information in 32 con- 
secutively gated channels. Channel 


“apt pia 


sealers have a double-pulse resolution 
of 1 usec. Channel widths are variable 
from 1 usec to 0.08 sec. Each of the 
82 channels has two electronic count- 
ing units and a 4-digit mechanical 
register to provide storage of 106 


digits—Eldorado Electronics, 2821 
Tenth St., Berkeley 10, Calif, 
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INDICATING CONTROLLER 
New A/D (Advanced Design) Indi- 


cating Pneumatic Controller features 
frequency response curves flat to 400 
epm (proportional) and 325 epm 


(proportional + reset) ; a proportion- 
al band continuously adjustable from 
400-0% (with reset rate adjustable 
from 0.1 to 50 repeats/min); and ex- 
cellent temperature stability, insured 
by a Ni-Span C feedback bellows.— 
Bristol Co., Waterbury 20, Conn. 
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ROUND CHART REC/CONT 


New round-chart null-balance po- 
tentiometer-type Recorder features in- 
terchangeability of most of its com- 
ponents with those. of ‘existing G-E 
strip-chart models. Minimum accurate 
scale span is one mvdc. Response 
times available are 4, 10, and 24 sec 
full scale. A zener diode offers a con- 
stant voltage reference accurate to 
+0.05%. The control portion features 
trip switch cams that are individual- 
ly adjustable—General Electric Co., 
Schenectady 5, N. Y. 
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REPETITIVE OPERATION 
ANALOG COMPUTER 


New High Speed Repetitive Opera- 
tion accessory for PACE 231R ana- 
log computers provides problem solu- 
tion as a continuous plot on the by gd 
display screen. The effect of a change 
in problem variables can be observed 
immediately on the display screen. 
When the optimum design is reached, 
the computer may be switched back to 
real-time operation so permanent 
plots can be made of the final and 


; 


more detailed solution. High Speed 
Repetitive Operation is particularly 
well suited to problems involving the 
simulation of servomechanisms, op- 
timization of chemical, petro-chemical 
and physical systems, and the solu- 
tion of boundary-value problems. 
Computing times of from 10 to 80 
msec are available and may be con- 
trolled from either the ROC unit or 
the display unit. The display unit con- 
sists of four chassis units and allows 
simultaneous viewing of 8 problem 
variables plotted against time or 7 
variables plotted against an eighth on 
the 17” screen. In the display unit, 21 
voltage calibration lines are refer- 
ences to computer voltage within 
0.1%. Time lines are generated by a 
crystal oscillator to 0.05%.—Elec- 
tronic Associates, Inc. (EAI), Long 
Branch, N. J. 
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RESISTOR MATERIAL 


New low-density Resistor Alloy 
815-R features high electrical resistiv- 
ity (815 ohms/cmf at 20°C) and a 
low temperature coefficient of resist- 
ance which is controlled within guar- 
anteed limits of +0.00001 ohm/ohm/ 
°C +10ppm). Basically a modified 
iron-chromium-aluminum composition 
containing small percentages of sever- 
al other elements, its resistance to 
corrosion is claimed to be vastly su- 
perior to other similarly composed 
materials. Other features are: excel- 
lent ductility, high tensile and yield 
strengths, and exceptionally high re- 
sistance to wear and abrasion. Its 
high resistivity and low temperature 
coefficient are controlled in the melt 
not established by subsequent “aging” 
treatments as is the case with nickel- 
chromium resistor alloys. Available 
precision-drawn to standard wire 
sizes ranging from 0.0031” (40 gage) 
down to and including 0.0005” dia.— 
Hoskins Mfg. Co., 4445 Lawton Ave., 
Detroit 8, Mich. 
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acco 
Helicoid 


Potented in the U.S.A., and in foreign countries 


U. 5. Patents: Re, 21934, 7294869 


The 
less 





com 
steel. 


sector is stain: 
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Exclusive Helicoid movement provides... 
Sustained Accuracy. ..on the toughest jobs 


e Helicoid Gages have no gears, no teeth, reducing wear to an 
absolute minimum. No danger of fouling, either—rolling action 
of cam facing keeps contact surface clean. Helicoid Gages have 
been tested through 75,000,000 cycles, with virtually no wear or 
loss of accuracy, while conventional geared gages became useless 


after 500,000 cycles. 


Helicoid Gages give sustained accuracy even when subjected to 
violent pressure pulsations or mechanical vibrations. Pointer can 
be set externally, without removing glass, and cannot be jarred 
out of position. Dial faces are easy to read, won’t corrode or 
chip. A full range of Helicoid Gages is available for any applica- 
tion. Next time, specify Helicoid—the gage that stays accurate. 


Bourdon Tubes 
won’t Stretch, 
Leak, or 

Crack 


Helicoid Bourdon tubes are 
made from seamless tubing, and 
are designed for maximum 
torque and minimum stress. 
At the factory, each tube is in- 
dividually tested, overpres- 
sured, and stress relieved. Four 
materials—alloy steel, K Monel, 
stainless steel, and phosphor 
bronze—are available to meet 
applications ranging from tap 
water to almost any acid. 





WRITE for details 


NEW! 
Solid-Front 
Safety Case 
Gives Added 
Protection 


The new Helicoid solid-front 
case diverts the force of a burst 
in a backward direction, away 
from the operator. The force 
escapes by deforming, though 
not detaching, the back cover 
plate. Helicoid Gages are also 
available in phenol, acaloy 
flanged, acaloy flangeless, pol- 
ished flangeless, round flush, 
polished flush ring, and square 


, flush cases. 


Ask for Catalog DH-65 








HELICOID GAGES 


Helicoid Gage Division . American Chain & Cable Company, Inc. 
929-% Connecticut Ave., Bridgeport 2, Conn. = 
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4,600™ 
manufacturers 
in the 

palm 

of your 

hands 


when you visit the 


GERMAN INDUSTRIES FAIR 
HANOVER, West Germany 
April 24-May 3, 1960 
“The Common Market’s Market Place for World Trade” 
“J Annual attendance: Over 1,000,000—Exhibit area 4,200,000 sq. ft. 
INDUSTRIAL PRODUCTS: Machinery*—Iron and Steel—Electrical— 
Optical—Precision Instruments—Atomic Energy—Aviation—Petroleum 
—Office Equipment, etc. 
CONSUMER GOODS: China, Ceramics, Glass—Jewelry and Silver- 
ware—Watches and Clocks—Radio, TV and Phonograph Equipment— 
Electrical Appliances, etc. 
** from all over the world of whom 200 specialize in instruments 
and automation, 


Free illustrated folders and information about admission passes, room reservation forms, 
available from 


GERMAN AMERICAN CHAMBER OF COMMERCE 
666 Fifth Avenue, New York 19, N. Y. 


*Machine tools to be shown at European Machine Tool Show, Hanover, September 
11-20, 1960 
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Precision 
Apparatus 
FOR 


oe 
ameplates 
Fine Routing Work 
Profiling Small 
Objects 





o 
ean enee? 


. 
'~, 
%~, 


magnetic reluctance 
PRESSURE 
TRANSDUCER 


Ranges: 1 to 1,000 psi — Gage, Difter- 
ential or Absolute. 


P Media: Corrosive liquids and : 
pore or a iquids an 3 UHF COAXIAL 
WAVEMETERS 


Insensitive to Shock and Vibration — 
Not oil filled. 

Withstands Extreme Overpressure. 
PACE's P21 Transducer (only 1 3/32” 


square) is miniaturized for missile, rock- 
et and aircraft flight installations. 


PAC E ee 


engineering company 7 Range 
13035 Saticoy Street Send for Illustrated Catalogs 


North Hollywood, California MICO INSTRUMENT co 
. 


TRiangle 7-7139 86-N Trowbridge St., Cambridge 38, Mass. 
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MULTIPLIER/DIVIDER 


New wide-bandwidth (350kc), Mod- 
el MU-500E, Multiplier-Divider is vir- 
tually the direct instrumentation of 
the mathematical identity: xy=% 


[(x+y)?2— (x—y)2]. Chopper-stabil- 
ized sum-and-difference amplifiers, 
precision reference voltage supplies 
and precision components are used 
throughout. Solution time is less than 
2 usec, phase shift is 1° at 12 ke, ac- 
curacy is 0.25% full scale, and output 
range is +50 v at +10 ma.—GPS In- 
strument Co., Inc., 180 Needham St., 
Newton 64, Mass. 
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DIG/AN INDICATOR 


New Digital-to-Analog Converter 
Indicator in the line of computer sub- 
systems, consisting of a relay matrix, 


a 2° an/dig converter, and a 400- 
cps/115-v motor, has a read-in of pure 
binary information. Analog output of 
360° on a dial features minor arc 
sensing. Characteristics include +%° 
accuracy; 52-ma input current, and 
8-rpm max. output rate—Kearfott 
Co., Inc., 1500 Main Ave., Clifton, 
N. J. 
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FREQUENCY SHIFT TERMINAL 


New Model 1726 High Speed Data 
Transmission Terminal is a frequency 
shift terminal designed for the trans- 
mission of data at speeds up to 7000 


bits/sec which can be directly applied 
to microwave equipment or open-wire 
telephone circuits. 21 standard chan- 
nels, providing a rate of 2400 bits/ 
sec are available for 20 to 110 ke. 
Five 7000-bits/sec channels are avail- 
able from 50 to 110 ke.—Radio Fre- 
quency Labs., Inc., Powerville Rd. 
Boonton (Twp), N. J. 
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SPECTROPHOTOMETER 
New Model 151 Emmission Spec- 
trophotometer is an integrated elec- 


tromechanical-optical system which 
records in angstroms spectral radiant 


flux density from ultraviolet to infra- 
red. High sensitivity photomultipliers 
are used in conjunction with Bausch 
& Lomb grating monochromator. Bul- 
letin I & E Spectro 151 gives details. win 
—Land-Air, Ine., Instrument & Elec- te We ne nea | ‘ 
tronic Div., 2133 Adams Ave., San es Panes es The Heise Gauge, 
Leandro, Calif. a ag aot for many years a world 
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standard for precision 


STEREO RECORDER aes es . 
; pressure measurement, is 


New 714 C, Stereo X, records and 


plays 4-track stereo, plays 2-track NOW available for use in 


stereo, and is capable of recording Hi eee B) ; | zs ee ranges up to 50,000 psi 


Control of this extreme 

pressure is made possible by the 

new Heise heavy duty Bourdon 

Tube, a single unit which elimi- 
nates all internal connections. 

The Tube, made from +403 

Stainless Steel, is multi-coiled to re- 

duce unit stress and formed to a scien- 


¥ : tifically precise section by an exclusive 
and playing monaural. Features in- i iiieiesasr eit: Y 
clude 3 speeds, 3 motors, accepts 10” * . he Heise process. 
reels, 4 microphone inputs, rack Spel ¥ rae 
mount, and automatic stop.—Crown NBR eS ones Se, Mounted on the Heise integral gauge 
International, Elkart, Ind. eee fe movement this unique element initiates a 
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RECTILINEAR 
STRIP CHART RECORDER 


New rectilinear strip chart record- 
er provides six independent non-over- 
lapping and continuous records of 


new concept in pressure gauge design. 


The 50,000 Ib. gauge 
features the traditional high 
quality workmanship ex- 
pected of all Heise equipment. 


Accuracy is held to 
1/10 of 1% of full scale read- 
ing in this ultra high pressure 
laboratory instrument. 


volts, milliamps or other variables 


available as outputs from electrical PRESSURE RANGES DIAL SIZES PRICES DELIVERY 


or electronic systems. Sensitivity is 1 15 to 50,000 P.S.I. 8%2"-12"-16" — from $166.75 —_ within 30 days 
ma full scale; response time is 1.0 


sec. Chart speeds available are from HEISE BOURDON TUBE COM PA NY, INC, 


%”/hr to 24”/min.—Curtiss-Wright 
Corp., Princeton Div., Princeton, N. J. BROOK ROAD, NEWTOWN, CONNECTICUT, U.S.A. 
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Flow Failures 


Ul 
SOLENOID VALVES 


Soke: 


Quick Operating "Non Sticking Tight 


These three design advantages are your assurance 
against costly flow failures. Attain dependable, accu- 
rate, automatic or remote control of liquids or gases 
with Magnatrol Valves. Installed quickly and easily 
in connection with . . . flow-meters, thermostats, float 
and time switches. Every Magnatrol Valve is deliv- 
ered to you—factory tested—guaranteed free from 
defects in material and workmanship. 

Available in normally closed or normally open models. 
— ranges from zero up to 300 PSI. Voltages 





Catalog containing complete 
specifications mailed upon request. 





VALVE Corp. 
HAWTHORNE 14 
NEW JERSEY 
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A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 
CAMBRIDGE 40 MASSACHUSETTS 


TRowbridge 6-3368—3369 


A LIST OF MATERIALS WE FABRICATE 
USED IN OPTICS AND ELECTRONICS 


SAWING GRINDING POLISHING DRILLING 


ALUM INDIUM ANTIMONITE 
ALUMINA INDIUM PHOSPHIDE 
ALUMINUM INDOX 
ANTHRACENE IRON SINGLE CRYSTAL 
ARSENIC TRISULPHIDE 
BARIUM TITANATE 
BISMUTH MELAMINE FIBER GLASS 
BRASS MICA, SYNTHETIC 
CARBORUNDUM NICKEL OXIDE 
CERAMIC PLATINUM 
COBOLT FERRITE POTASSIUM BROMIDE 

R *PYREX 


COPPE 
*CORNING 707 *QUARTZ, CRYSTAL 
*CORNING 7052 
CUPROUS BROMIDE HIRE 
FERRITE **SODIUM CHLORIDE 
FERROX **STEEL 
**FLUORIDE, CALCIUM STRONTIUM TITANATE 
**FLUORIDE, LITHIUM TEFLON 
GALLIUM ANTIMONIDE TITANIUM DIOXIDE 
en ARSENIDE *vrco 


R 
GARN *X-RAY LEAD GLASS 
GERMANIUM ALL TYPES KNOWN GLASS 
6010 


* Carried in stock 
** Purchased for orders 
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PEOPLE IN 
THE NEWS 





MINNEAPOLIS-HONEYWELL announces organizational 
changes.in which Vice President Henry F. Dever, head of 
the Industrial Products Group, transfers from Philadel- 
phia to company headquarters in Minneapolis. James S. 
Locke, newly elected corporate vice president, becomes 
vice president and general manager of Brown Instru- 
ments Division. He will be responsible also for operation 
of the Valve Division in Fort Washington, Pa. and the 
Fall River, Mass. Division. Locke succeeds C. L. Peterson, 
who becomes vice president of the company’s central 
region, directing sales there, with headquarters in Cleve- 
land. 


J. S. LOCKE 
M-H 


M. A. EDWARDS 
GE 


GE announces that Dr. Martin A. Edwards, engineering 
manager of the Electric X-Ray Department in Milwau- 
kee, has been appointed manager of the newly estab- 
lished Advanced Product Planning Operation of the 
Electronic Components Div., Owensboro, Ky. 





GR EN Pantograph Engravers 


ELIMINATE DELAYS! 
Keep the work in your own plant. 


PORTABLE 
40-POUND 
BENCH-MODEL 106 


Famous 2 or 3-dimensional 

engraver, successfully used by 

thousands, features 5 positive, ac- 

curate pantograph ratios. Versatile ball bearing spindle MODEL 
has three speeds up to 14,000 rpm; height of pantograph eats 
and position of cutter are continuously adjustable; 
One copy carrier (supplied) accepts all standard 
master type sizes. 

The Model 106 has proven incomparable for 

speed and accuracy ... yet reasonably 

priced. 

Cutter grinders, rotary tables, master 

letters, compound slides, name 

plates and all required acces- 

sories. For complete infor- 

mation, write to 


oy. 
HEAVY-DUTY 
DIMENSIONAL 


383 PUTNAM AVENUE, CAMBRIDGE 39, MASS. 
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DIGITAL EQUIPMENT CORP. announces that its presi- 
dent, Kenneth H. Olsen has been honored as a “Young 


Electrical Engineer of 1959” by Eta Kappa Nu. 


K. H. OLSEN 
Digital Equipment 


E. M. FEELEY 
Trinity 


TRINITY EQUIPMENT CORP. announces that Edward M. 
Feeley has been appointed president of the corporation’s 
wholly-owned subsidiary TRINCOR CORP. 


KEINATH INSTRUMENT CO. has been incorporated in 
Columbus, Ohio to design and manufacture recorders in- 
cluding the Keinath sweep-balance recorder. President is 
W. E. Van Horne, formerly with Industrial Nucleonics. 
Dr. George Keinath of Larchmont, N. Y., formerly chief 
engineer of Siemens & Halske, Berlin is consulting tech- 
nical director. 


PHOTOVOLT CORP. announces that Dr. Bela A. Silard 
has been elected its new president, following the sudden 
death of Dr. Fritz Lonberg. 


ELECTRONIC COUNTERS, INC. has purchased the elec- 
tronic counter business from Potter Instrument Co. N. A. 
Moerman, formerly vice president in charge of engineer- 
ing at Potter has become president of the new company. 


NBS announces that Benjamin L. Page has been ap- 
pointed chief of the Length Section, Optics and Metrology 
Div. 


NEW PLANTS 
AND MERGERS 





CHANCE VOUGHT AIRCRAFT is acquiring 80% inter- 
est in INFORMATION SYSTEMS, INC. which, in turn, is 
taking over the operating assets of PANELLIT, INC; 
also of GENESYS CORP., a wholly owned Chance Vought 
subsidiary, as a separate operating unit. ISI headquarters 
with Al Sperry as chairman of the board and technical 
director will be moved to Los Angeles. The Panellit Div. 
will continue to operate in Skokie, IIl. 


IRRADIATED INSULATIONS, INC. has been formed by 
CARLISLE CORP. and RADIATION APPLICATIONS, 
INC. to produce insulated wire for special requirements 
in the electronics, aviation, and missile fields. RAI will 
provide the research staff and facilities, and Carlisle is 
adding the production, engineering, and marketing ex- 
perience of its subsidiary Tensolite Insulated Wire Co. 


ROBERTSHAW-FULTON has acquired the Microsen line 
from Manning, Maxwell & Moore and will integrate these 
instruments with the industrial products of the Aeronau- 
tical and Instrument Division. A number of M, M & M 
instrument division engineers, scientists, and sales people 
are joining Robertshaw’s Anaheim division. 


TTI Vial te. 


THERMAL CONTROLS AND 
THERMOMETERS 


century of 
instrument we make. You 


40, Pa 


PHILADELPHIA THERMOMETER CO. 


N. Sixth St. ¢ Philadelphia 
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AN AIRCRAFT 
FLIES ON ITS 
BEARINGS 





Its safety is dependent on the perfect 
functioning of the smallest instruments; and in 
these the vital points are the bearing jewels, cut 
from sapphire or ruby. Unrivalled for 

accuracy and reliability, they are being used more 
and more in instruments of every kind, and 
particularly in nuclear engineering. 

We are experts of long experience in the 
production of bearing jewels of every shape and 
cut. Let us advise you and help solve your 
technical problems. Our ultra-modern 

machines and skilled personnel can cope 

with even the most intricate 

specifications. 


WATCH STONES CO.LTD. THUN 
SWITZERLAND 
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Gees 


ELECTRONIC 


tinvous duty rating at all speeds. 
REGULATION Both line and load 
regulation is better than Y of 

. 1% of rated speed. 

O HORSEPOWER 
from % hp down to 1/200 hp. 
Motors of % hp and larger are — 
totally enclosed. 4 


1 


Various models 





10-turn 


© REMOTE CONTROL A 
potentiometer provides precise ad- 
justment at any convenient loca- 
tion. 


GEARED MOTORS Motors are 
available with integral gear re- 
ducers. 


BRAKING-REVERSING  Relay-con- 
trolled braking and reversing 
models available. 


MAINTENANCE Fully encapsulated 
construction results in long service — 
life. Plug-in construction requires 
only a screwdriver for servicing. 


OTHER MODELS Servo-Tek man- 
vfactures drives with silicon recti- 
fiers and adiustable avtotrans- 
formers, as well as other thyratron 
drives with less exacting specifica- © 
tions. Write for information in- 
cluding details of your proposed 
use. 


IMMEDIATE DELIVERY 








; Soe -Tehk 


eae oe ta 8 -f: ‘ 


PRODUCTS CO. 


tmcOeroeatio 


av ae 


Main Office 

1086 Goffle Road, Hawthorne, N. J 
Western Office 

14736 Arminta Street, Van Nuys, Cal 
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NEW 
LITERATURE 





CONTROL SYSTEMS, 
CONTROLLERS 


PRESSURE CONTROLLERS. 2-page 
Product Specification P41-2 illustrates 
and specifies Type B41 pneumatic con- 
troller for pressures to 170 psig and 
differentials from —30” to +30” WC. 
—Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland 10, Ohio. 
CIRCLE 289 ON READER-SERVICE CARD 


SEQUENCE CONTROLLER. 2-page Bul- 
letin on a new sequence controller 
SC-500 outlines advantages of this 
electrical control unit——Warco Indus- 
tries, 6625 Delmar Blvd., St. Louis 
30, Mo 
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ELECTRIC CONTROLLERS, 56-page 
Catalog illustrates and describes more 
than a hundred types of pressure, 
temperature, level, mechanical move- 
ment controllers, etc—Mercoid Corp., 
4201 Belmont Ave., Chicago 41, Ill. 
CIRCLE 291 ON READER-SERVICE CARD 


RECORDER/CONTROLLER. 4-page 
Bulletin GEZ-2969 describes features, 
application, measurable parameters, 
and specs of round-chart single- and 
double-pen recorders.—General Elec- 
tric Co., Schenectady 5, N. Y 
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FUEL CUT-OUT & ALARM CONTROL. 
2-page Catalog Section D2.5-6 illus- 
trates and describes new boiler safety 
device.—Reliance Gauge Column Co., 
5902 Carnegie Ave., Cleveland 3, Ohio. 
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HYGROMETRY, 68-page Catalog 660 
covers humidity measuring and con- 
trol systems and instruments.—Hy- 
grodynamics, Inc., 8030-8050 Georgia 
Ave., Silver Spring, Md. 
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VALVES, ACTUATORS 


ELECTRIC MOTOR ACTUATORS. 2- 
page Product Data Sheet 6 provides 
technical information on models EM 
25 and EM 150 electric motor actu- 
ators for ball valves.—Jamesbury 
Corp., Worcester, Mass. 

CIRCLE 295 ON READER-SERVICE CARD 


POSITIONING AND PROGRAM CON- 
TROLLERS. 16-page Bulletin J-105 de- 


scribes linear and rotary actuators for 
positioning and programming.—Jor- 
dan Controls, Inc., 3235 West Hamp- 
ton Ave., Milwaukee 9, Wis. 
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REGULATORS. 4-page Condensed 
Catalog 60 contains pictures and de- 
scriptions of pressure-and tempera- 
ture-regulators, float valves, flow con- 
trol valves, safety- and relief-valves, 
and strainers—O. C. Keckley, 3400 
Cleveland St., Skokie, Ill. 
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TWO-WAY VALVES. 8-page Bulletin 
91022 describes in detail Series 20 
two-way valves for air, oil, water, gas 
or chemical.—Airmatic Valve, Inc., 
7313 Associate Ave., Cleveland 9, Ohio. 
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PRESSURE 
COMPENSATED PRESSURE GAGES. 4- 


page brochure describes automatic 
thermal compensator in precision 
pressure gages.—Heise Bourdon Tube 
Co., Inc., Brook Rd., Newtown, Conn. 
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GAS DENSITY SWITCHES. Two 2-page 
technical data sheets describe and il- 
lustrate two gas density switches.— 
Newark Controls Co., 15 Ward St., 
Bloomfield, N. J. 
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PRESSURE TRANSMISSION. 4-page 
Bulletin NR-10 describes Acragage 
electric transmission systems for re- 
mote pressure reading and maximum 
or minimum signals at one or more 
locations.—Instruments Div., of Inter- 
national Register Co., 2620 W. Wash- 
ington Blvd., Chicago 12, IIl. 
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ABS/DIFF MANOMETER. 4-page Bul- 
letin B-1008-2 illustrates and describes 
Type E-1, Model 1070-C test manom- 
eter—Ideal-Aerosmith, Inc., 3913 
Evans Ave., Cheyenne, Wyo. 
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PEAK PRESSURE GAGE. 4-page folder 
describes and illustrates a new hy- 
draulic gage that indicates pressure 
peaks.—Hydel, Inc., 223 Crescent St., 
Waltham, Mass. 
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TEMPERATURE 


RESISTANCE THERMOMETER BULBS. 
4-page Data File E1-6097 describes 
and specifies platinum wound resis- 
tance thermometer spirals.—Engel- 
hard Industries, Inc., Instruments and 
Systems Div., 850 Passaic Ave., East 
Newark, N. J. 
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WATER COOLED HI-TEMP PROBES. 2- 
page Bulletin 8.5 contains description 
and dimensional sketch of thermo- 
couple type for gases.—Aero Research 
Instrument Co., Inc., 315 North Aber- 
deen St., Chicago 7, Ill. 
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TEMPERATURE INDICATORS. 2-page 
Bulletin KC-871 describes thermistor 
temperature indicators.—Kahn and 
Co., Ine., Box 516, Hartford 1, Conn. 
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FLOW, PUMPS 


ROTAMETERS. 4-page Bulletin 150 
gives details of materials used in 
rotameters for corrosive applications. 
—Brooks Rotameter Co., Hatfield, 
Penna. 
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SIGNAL LIGHTS REPORT 
RATELY WITHIN 20 MILLIONTHS OF | cart. 
AN INCH OVER AND UNDERSIZE AS] = 6131F 
WELL AS CORRECT SIZE BY FLASH- , 
ING OF GREEN, RED OR YELLOW 
LIGHT. 

Cat. #6501 — Head only 

Cat. #6551 — Signal box 

Cat. #6131F - Stand 


Cat. #6201 — Stand and 
Signal box (Self contained unit) 


Cat. #650 — Not shown — Dial 
indicator for use with +6501 


Cat. #6502 — Not shown —Coup- 

ling to connect #6501 to #650 5 
For Complete Information request our 96 Page Catalog — 
Contact any of our 4 "Coast to Coast" Locations or your 
nearest Local Distributor. 


= SCHERR-TUMICO 


PRECISION MEASURING TOOLS AND INSTRUMENTS 


WAREHOUSE STOCK, SHOWROOMS & SALES OFFICES AT 
NEW YORK: 200 Lafayette Street, New York 12, N. Y. 
ST. JAMES: St. James, Minnesota 
LOS ANGELES: 3337 West Olympic Bivd., Los Angeles 19, Cal. 
CHICAGO: 5045 W. Harrison, Chicago 44, Ill. 

When writing te any of the abeve locations, refer te DEPT U-3 
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TALLY-COUNT®—an electronic 


PREDETERMINING COUNTER 


Standard 
2-decade model: 


$745 


TALLY-COUNT is a versatile instrument, ideal 
for batch counting, packaging, unit flow and 
machine cycling. Tally-Count provides electronic 
speed and accuracy, at a price usually asso- 
ciated with electro-mechanical counters. 


A wide range of photoelectric and other sensing 
devices extends Tally-Count versatility. These 
devices plug into amplifiers, which can be in- 
corporated as integral elements of the chassis. 
Tally-Count supplies all power for these sensing 
devices. No other power supply is needed. 


unique 

chassis design 
for plug-in 
sensing devices 


Tally-Count operates accurately at speeds up to For full 
100 per second. Batching capacity (5-decade 

model) is 100,000. instantaneously resets to 

zero at desired count. Double and triple pre-set 

models available. 


standar 
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INSTRUMENT CORPORATION 
657 BROADWAY, NEW YORK 12, N.Y. 








ACCURATE WEIGHTS 
are a MUST for Profit!! 


SL; Lysshsgis ELECTRONIC 
SGhits Will Increase 


YOUR PROFITS!!! 


FOR INFORMATION 
ON ELECTRONIC 
WEIGHING OR 
ELECTRONIC SCALES 
TO FIT. YOUR SPECIAL 
REQUIREMENTS 
CHECK THE TYPE 

OF SCALE YOU ARE 
CONTEMPLATING 
AND FULL DETAILS 
WILL BE FORWARDED 
BY RETURN MAIL 


ELECTRONIC 
CRANE SCALE 
TANK SCALE 
TRUCK SCALE 

R.R. TRACK SCALE 
HOPPER SCALE 
LARRY CAR SCALE 
OTHER (Explain) 


Ce te 6. te 








Send To: 


STREETER-AMET COMPANY 
GRAYSLAKE, ILLINOIS 
THE STANDARD OF ACCURACY SINCE 1888 
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AC CONTROLLER 


rofateMurtehedaliate 


DC MOTOR 


Compute 
ml. va 
Neveda 


2T60 ELECTRONIC CONTROLLER with 
matching 1/50 H. P. DC MOTOR 


SPECIFICATIONS 
e Thyraton tube operated controller 
gives stepless operation e Input: 110- 
120 V., 60 cy. single phase e Output: 
0-120 V., 200 ma. DC to armature e 
1/50 H.P. ball bearing, right angle, 
gear head, shunt wound, DC motor e 
Reversible e Armature speed 0 to 4000 
R.P.M. @e Armature shaft is extended 
e Motors in gear ratios: 6, 18, 30, 36, 
60, 100, 300, 540, and 1120:1 in stock. 


GERALD K. HELLER CO. 


1819 Industrial Road, Las Vegas, Nevada 
Mailing address P.O. Box 4426 
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AINA EL 
SOONG US q 
pneumatic 

2 ee 
Bay yay 
GTTRCOULTOLALOM OYA ITTORZITTOT 
trip or reset =““MITE” 


omen Ey.a, i ae, 6 om 


B86 TUPEL STREET 
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NEW 
LITERATURE 


ROTAMETERS, FLOW INDICATORS 4- 
page Condensed Bulletin M-1 pictures 
and describes line of precision instru- 
ments for measuring, indicating, re- 
cording, and controlling flow rate of 
all types of fluids—Schutte and 
Koerting Co., Instrument Div., Dept. 
M-R, Cornwells Heights, Bucks Coun- 
ty, Penna. 
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CONTROLLED VOLUME PUMPS. 4- 
page Bulletin 1153-c gives details and 
illustrations of Mersemetric pumps 
working against pressures to 1200 
psig with accuracy better than 1%.— 
Milton Roy Co., 1800 E. Mermaid 
Lane, Phila. 18, Pa. 
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PUMPS AND CONTROLS. 72-page 
Catalog 220 gives full design details 
and operating characteristics on line 
of hydraulic pumps, fluid motors, and 
valves.—Denison Engineering Div., 
American Brake Shoe Co., 1160 Dub- 
lin Rd., Columbus, Ohio. 
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SPEED, COUNT 
ELECTRIC TACHOMETERS, 4-page 


catalog describes and illustrates nine 
tachometer indicators and six electric 
generators for tachometer service.— 
Madison Electric Products, Inc., Madi- 
son, Ohio. 
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PREDETERMINING COUNTERS. 4- 
page folder describes and illustrates 
several of the major types of me- 
chanical, electromagnetic, and photo- 
electric counters incorporating the 
predetermining feature.—Veeder-Root 
Inc., Hartford 2, Conn. 
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NUCLEONICS 


GAMMA RADIOGRAPHY EQUIPMENT 
4-page brochure tabulates specs of 16 
types of radiography machines.— 
Radiation Engineered Services, La- 
fayette and Water Sts., Norristown, 
Penna. 
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ELECTRON ACCELERATOR. 4-page 
December issue of Arco News de- 
scribes the L-band linear accelerator. 
—Applied Radiation Corp., 2404 No. 
Main St., Walnut Creek, Calif. 
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DIGITAL 
INSTRUMENTATION 


WAVE ANALYZER SYSTEMS. 16-page 
Bulletin DB 9050a describes and il- 
lustrates automatic wave analysis for 
Fourier and spectral power studies.— 
Minneapolis-Honeywell, Industrial 
Systems Div., 10721 Hanna St., Belts- 
ville, Md. 
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versatile 


FLOW SENSOR~___ If 


FR-211 
FREQUENCY- 
TO-DC 


Wough 


PULSE RATE | CONVERTER 


OUTPUT 
DIGITAL COUNTER 


TACHOMETER ——— 5 ——— POTENTIOMETER 


PHOTO CELL ——— 


——— OSCILLOGRAPH 


ELECTRO-MAGNETIC COIL —— !——~ PANEL METER 
OTHER TRANSDUCERS —  }& _—~TAPE RECORDER 


The Waugh FR-211 is a frequency-to-D.C. 
converter, producing D.C. voltages which are 
precisely proportional to the frequency of the 
A.C. input signal, Output may be read directly 
from a built-in panel meter, and output volt- 
ages are suitable to operate a wide variety of 
electronic indicators, recorders and controllers. 
The FR-211 has applications for critical meas- 
urements in the laboratory, as well as missile, 
chemical and petroleum fields. 


for complete 
technical data 
request bulletin 102 


Engineering Representatives 
in Principal Cities 


[Wough 


GENERAL SPECIFICATIONS 
Linearity: Within +0.1% 
Long Term Stability: 34% 
Input Voltage Range: 5 mv. to 10v RMS 
fl Input Frequency Range: 5 to 3000 cps. 
iq Output Impedance: 250 to 1000 ohms 


i 

WAUGH 
ENGINEERING 
COMPANY 


7842 Burnet Avenue, Van Nuys, Calif. 
STate 2-1710 
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TAPE TRANSPORT. 4-page Brochure 
1618 describes Type 5-681 digital tape 
recorder/reproducer transport.—Con- 
solidated Electrodynamics Corp., 360 
Sierra Madre Villa, Pasadena, Calif. 
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PAPER TAPE ACCESSORIES. 2-page 
Data Sheet AS-119 describes three 
new paper tape accessories for the 
Bendix G-15 digital computer.—Ben- 
dix Computer Div., 5630 Arbor Vitae 
St., Los Angeles 45, Calif. 
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MEMORIES. 4-page Bulletin DF115.1 
describes a series of general-purpose 
high-speed memories.—Telemeter 
Magnetics, Inc., Box 329, Culver City, 
Calif. 
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DATA SEARCHER. 2-page Bulletin 2A- 
23833 describes and illustrates search 
and control system for tape recorders. 
—Electronic Engineering Co. of Calif., 
1601 E. Chestnut Ave., Santa Ana, 
Calif. 
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DATA PROCESSING EQUIPMENT. 4- 
page Bulletin $1159 describes all- 
solid-state electronic data processing 
equipment custom-tailored for various 
commercial applications.—Dycor Sys- 
tems Div., Digitronics Corp., Albert- 
son, L. L, N. Y. 
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SHAFT POSITION ENCODERS. 4-page 
Bulletin 316-A describes operation 
principles and applications of several 
geared encoders.—Datex Corp., 1307 
South Myrtle Ave., Monrovia, Calif. 
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HI-SPEED PRINTERS. 6-page brochure 
describes with specs 3 series of heavy 
duty printers—Anelex Corp., 150 
Causeway St., Boston 14, Mass. 
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HIGH-SPEED SAMPLING RELAYS. 2- 
page Catalog Insert F-2218 illustrates 


with technical details line of Micro- 
Scan relays.—James Electronics, Inc., 
(formerly James Vibrapowr Co.), 


ed North Rockwell St., Chicago 18, 
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RECORDERS 


AUDIO RESPONSE PLOTTER. 2-page 
bulletin illustrates and describes audio 
response plotter, Model ARP-2, which 
provides permanent pen-written fre- 
quency response curves of any audio- 
range equipment.—Southwestern In- 
dustrial Electronics Co., a div. of 
Dresser Industries, Inc., 10201 West- 
heimer Rd., Houston 27, Tex. 
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CHEM LAB RECORDER, 20-page Bulle- 
in 


describes potentiometric re- 
corder for electrical variables in 
electrolytic systems.—E. H. Sargent 
Co., 4647 West Foster Ave., Chi- 
cago 30, IIl. 
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YES, NOW 
VISCOSITY 


CAN BE CONTINUOUSLY 


PROCESS 
CONTROLLED 


WITH THE 


BROOKFIELD 
VISCOMETRAN 


Unver actual process conditions, the Brookfield Viscometran accu- 
rately and continuously measures, records and controls viscosity. Readily 
mounted and integrated in existing processes, the Viscometran offers 
significant economic advantages over other methods of indicating degree 
of reaction, degree of polymerization or determination of process end point. 

Viscosity is very likely a variable that is 
fundamental in your process. For com- 


plete information about how the Brook- 
field Viscometran can provide continuous 


“in process” measurement of this product 
dimension for you, write— 


THE WORLD’S STANDARD FOR VISCOSITY 
MEASUREMENT AND CONTROL 


lbrooktield 


ENGINEERING LABORATORIES, INCORPORATED 
STOUGHTON 316, MASSACHUSETTS 
BROOKFIELD VISCOMETRANS NOW SUCCESSFULLY USED FOR CONTROLLING: 


Asphalt © Caramel © Cement slurries © Durezresin-acetone slurries © Gluten slurries © Lignum-based 
polymers © Molten PoSs © Paper coatings © Polystyrene « Polyurethane tesins © Ureaformaldehyde resin 
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THERMOCOUPLE 


NEW 
LITERATURE 





TESTING MACHINE RECORDER. 24- 
page Bulletin RI-8-57 describes Model 
RD-5 electronic recorder for maker’s 
testing machines; also accessories.— 
Riehle Testing Machines, a div. of 
American Machine and Metals, Inc., 
East Moline, Ill. 


CIRCLE 326 ON READER-SERVICE CARD 


A NEW DESIGN ... 


For the first time-a pencil probe thermo- 
couple with the following features: 


v Response time - less than 10 micro- 
seconds to transient flow. 


«A continuous service temperature of 
over 2000° F. 


v A sensing tip with unlimited life. 


Sensing tip constructed with flat ribbon 
thermocouple wires of .001 inch thickness and 
mica insulation of .0002 inch thickness. Thermo- 
couple can be used as a surface, in-wall, or 
immersion thermocouple. Adjustable gland nut 
assures pressure seal to 3,000 PSI. All stainless 
steel construction. Available in all standard 
thermocouple combinations. 


For additional details and models write for Technical Bulletin 258 


NANMAC CORPORATION 


P.O. BOX 8 


INDIAN HEAD, MARYLAND 











All-purpose PYRO Micro-Optical precise- 
ly measures targets as small as .001” 
in diameter or objects at remote dis- 
tances to 2°C reproducibility! Temperature 
scales 700° - 3200°C (1300° - 5800°F). 


Send for FREE catalog No. 95. 


PYROMETER nssson 


BERGENFIELD 4. NEW JERSEY 
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YOUR COMPONENT 


Wire drawn to your specifi- 
cations (down to .00025”) in 
base and precious metals and 
alloys . . . supplied bare, en- 
ameled, ceramic insulated for 
use at 1000° F., or electro- 
plated . . . to close tolerances. 
Our research and development 
staff is available to solve 
YOUR wire problems. 


Write for data on your specific needs. 


SECON METALS CORP. im 


7 Intervale St., White Plains, N.Y 
WHite Plains 9-4757 ee 
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AIR, GAS 
COMPRESSED AIR PRODUCTS. 24- 


page Catalog 158 describes and speci- 
fies filters, regulators, lubricators, 
drains and accessories.—Wilkerson 
Corp., Englewood, Colo. 
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FILTERS. 4-page Bulletin GEO-514 de- 
scribes and specifies hi-capacity Ful- 
flo filters for liquids and gases.— 
Commercial Filters Corp., 2 Main St., 
Melrose 76, Mass. 
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ELECTRICAL, ELECTRONIC 
INSTRUMENTS 


LABORATORY STANDARDS. 24-page 
brochure “World Standards” includes 
d-c voltmeters and ammeters; a-c or 
a-c/and/d-c voltmeters, ammeters, and 
wattmeters; current transformers; 
and low-voltage standardizing poten- 
tial transformers and high voltage- 
potential transformers.—Weston In- 
struments Div., Daystrom, Inc., 614 
Frelinghuysen Ave., Newark 12, N. J. 
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SUBMINIATURE CARRIER SYSTEMS. 
2-page Bulletin 582 R on Models T-582 
and T-583 instrument translators con- 
tains descriptive material and specs. 
—Crescent Engineering & Research 
Co., North Peck Rd., El Monte, Calif. 
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AUTOMATIC CHECKOUT EQUIPMENT 
4-page brochure describes an rms-to- 
de converter, a voltage-to-digital con- 
verter, a timer-counter, and a digital 
printer.—Epsco, Incorporated, Equip- 
ment Div., 275 Massachusetts Ave., 
Cambridge 39, Mass. 
CIRCLE 331 ON READER-SERVICE CARD 


D-C POWER SUPPLY. 2-page Bulletin 
No. 178A covers units with unfiltered 
outputs ranging from 6 to 230 vde 
and 0.6 to 150 amp.—Opad Electric 
Co., 43 Walker St., New York 13, 
N. Y. 
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ELECTRICAL, ELECTRONIC 
COMPONENTS 


MYLAR CAPACITORS. Two 4-page 
catalog sheets cover Mylar paper ca- 
pacitors and metallized Mylar capaci- 
tors.—Plastic Capacitors, Inc., 2620 
N. Clybourn, Chicago 14, IIl. 
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WAVEGUIDE DATA CHART. Wall-size 
Standard Waveguide Data Chart fea- 
tures military as well as TA designa- 
tion numbers.—Narda Microwave 
ee 118-160 Herricks Rd., Mineola, 
N. Y. 
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CAPACITORS. 16-page Catalog MP- 
59038-E-160 specifies and tabulates 10 
types of high-reliability capacitors.— 
Electron Products Div. of Marshall 
Industries, 2065 Huntington Dr., San 
Marino, Calif. 
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PRECISION RESISTOR WIRE. 12-page 


catalog contains complete and detailed 
data on low-density/high resistivity 
Alloy 815-R precision resistor wire.— 
Hoskins Mfg. Co., 4445 Lawton Ave., 
Detroit 8, Mich. 
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MISCELLANEOUS 


NOISE CONTROL. 12-page Technical 
Guide “Audio Spectrum Analysis” 
deals with suitable instrumentation 
for product evaluation and practical 
week gm yg of typical noise spectro- 
grams.—B & K Instruments, Inc., 3044 
West 106th St., Cleveland 11, Ohio. 
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ANALYZERS. 2-page leaflet describes 
6 types of analyzers for process 
streams; also services rendered.— 
Analytic Systems Co., 980 N. Fair 
Oaks Ave., Pasadena, Calif. 
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MECHANICAL COMPONENTS. 512- 
page pocket size Catalog 61 lists 
20,000 items including gear heads, 
speed reducers, differentials, precision 
gears, couplings, shafting, electronic 
hardware, etc.—Sterling Precision 
Corp., 17 gE ae Ave., Port 
Washington, L. I., 
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ULTRASONIC THIGKNESS TESTERS. 
8-page Bulletin A-200 details two 
portable thickness testers, Audigage 
Model 5 and Model 6.—Branson In- 
struments, Inc., 40 Brown House Rd., 
Stamford, Conn. 
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RUPTURE DISCS. 4-page brochure il- 


ustrates and describes 4 types of 
rupture disc assemblies.—Fike Metal 
Products Corp., Blue Springs, Mo. 
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CRYOGENIC STORAGE SYSTEMS. 8- 


page brochure illustrates and describes 
equipment including vaporizers, 
liquid-oxygen containers, water fuel 
tanks, and missile propellant contain- 
ers.—Ryan Industries, Inc., 870 East 
70th St., Cleveland 3, Ohio. 


CIRCLE 342 ON READER-SERVICE CARD 


TYPE SPECIMENS FOR WAX-LINE 
ENGRAVINGS. 12-page folder dis- 
plays 42 type faces.—Royal Electro- 
type Co., 1309 Noble St., Phila. 23, Pa. 
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+ 3 micron sensitivity in this typical differential 
transformer application. The ATCOTRAN” differen- 
tial transformer measuring probe continuously 
senses amount of stock removed from work piece 
during this grinding operation, stops feed above 
established grinding dimensions, and simultane- 
ously starts timed dress-up. Automatic cut-off at 
end of dress-up actuates withdrawal and stops 
spindle motor. Probe tip may be equipped with 
diamond point, roller, shoe or other work contact 
element suitable for position, thickness or tolerance 
measurement. Displacement measuring range is 
from 0 to 0.025 inches. 





CON- 
TROL- 
LER 


CONTROL 


PICKUP RELAY 

















SYSTEM-PROVED 
STANDARD ATC 
DIFFERENTIAL 
TRANSFORMERS 


INCREASE 
SENSITIVITY, 


SIMPLIFY 











(C) 


ATCOTRAN COMPONENTS 


(A) Pressure Pick-up measures 
and controls flow of gas or liquid. 
(B) Edge Guide senses edge posi- 
tion of continuous strips. 

(C) Amplifier operates from input 
of any Atcotran sensing device. 
(D) Servo Mechanism to position 
remote indicators with precise 
accuracy. 





WHAT 1S A DIFFERENTIAL 
TRANSFORMER? An electrome- 
chanical device which continuously 
translates displacement or position 
change into linear AC voltage. 
WHAT ARE ITS ADVANTAGES? 
It is frictionless, has infinite resolution, 
high signal to noise ratio, low null 
voltage, unaffected by wide tempera- 
ture ranges or radiation exposure, 
linear to 1/10th of 1%, small in size 
and weight. 

WHERE ARE ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS IN 
USE? In numerous industrial and 
military applications where sensitiv- 
ity, economy, and consistent perform- 
ance are demanded in a control or 
indicating system. 


HOW CAN | FIND OUT HOW DIFFEREN- 
TIAL TRANSFORMERS WILL HELP ME? 


Write now for 
new illustrated 
Condensed Cata- 
log: contains 
complete specifi- 
cations and per- 
formance data. 





HOW CAN | EX- 
PERIMENT WITH 
DIFFERENTIAL 
TRANSFORMERS ? 


ATC’s Experimental Kit of- 
fers all essentials for ex- 
perimentation and devel- 
opment: technical data, 
seven transformers (linear 
range + 0.01 to + 2.5 
inches), flexure plate and 
mounting clamp, and de- 
modulator. 


— 





SHEET METAL CABINETS. 4-page bro- 
chure illustrates cabinets, consoles, 
and housings for instruments and con- 
trols—Danco Metal Products, Inc., 
24000 Detroit Rd., Westlake, Ohio. 
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AUTOMATIC TIMING & CONTROLS, INC. 


KING OF PRUSSIA, PENNSYLVANIA 
A SUBSIDIARY OF AMERICAN MANUFACTURING COMPANY, INC. 
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SEARCHLITE 





SECTION 





For Precise and Rapid Measurements of 
SHAFT SPEEDS CUTTING SPEEDS SURFACE SPEEDS 
© Magnetic Design 
Steady readings ac- 
curate to +0.5% 
© Self-Powered 
Needs no battery. 
® Held Button 
@ Overspeed Protec- 
tien inherent 
® Instantaneous 
Reading No timing 





mplete Service Facilitie i for Details and Literature 
CLARENCE J. MARX CO. 
Box 4033, Cleveland 23, Ohio 
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& fa a Phe: ewe & 
THERMAL WIRE STRIPPER 
New Rugged High-Speed Industrial Model model F 
Completely eliminates cut or nicked wire strands since 
no blades are used. Has High-Low heat control to strip 
both Teflon and lower-melting plastics. Strips any size 
wire without adjustment. Designed for high-speed pro- 
duction use. Use either as bench or hand tool. Simple to 
operate. Insert wire, clamp, then pull. Has adjustable 
stripping length stop. Sturdy long-life heating elements 
are easily replaceable. With heavy-duty power supply. 


Price $44.50 FOB Altadena, Calif. 


Western Electronic Products Co. 
655 Colman Street, Altadena, California 
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T-110 HAND SPEED INDICATOR 
Ingenious combination of counter and watch 
movement starting and stopping simultaneously 


Accurate—Durable—Portable—Non Magnetic 
° For speeds up to 6,000 R.P.M 
on machines, motors, shaftings, 
PRICED AT 
$30.00 ea 


etc. 
ADVANTAGES: Operates in 
DELIVERY either direction, 
from stock One turn of knob resets count- 
=, & stop watch, Light weight 
e —8 oz., Numerical readings 
KERNCO INSTRUMENTS INC. 


Box 1284, Church St. Station, 
New York 8, N. Y. 
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Precision Temperature 
Controllers 


Control Accuracy: +.001°C 
Ranges: —200°C to + 500°C 
Applications: Calorimetry, Cells, 
Censtant Temp. Baths, Cryogenics, 
Chromatography, P.V.T. Apparatus, 
Gvens, Petroleum Testing, Refrac- 
tometry, Viscometry and other Lab 
and Pilot Plant uses. 


BAYLEY INSTRUMENT CO. 
Box 538 Danville, Calif. 


THE ROLYN 
(Snake) Plier 


An indispensable tool for en! and dis- 
mantiing of optical, radio, scientific Instru- 
ments and all kinds of mechanical equipment. 


st $28.60 


ROBERT M. LYNN 


319 N. Santa Anita Ave.—Arcadia, Calif. 
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Fixed Set Thermostats 


y Size, fome or Use 
Setting , A —85°C to 370°C 
2 Set Sensitivity: + 01°C 


Guaranteed sensitivity . 
year-in, year-out reliability 
- @ccurate control of 
temperature in ovens, elec- 
tronic equipment, baths, 
duets, freezers, fire alarms, in- 
cubators, analytic instruments, 
ete. Triple distilled mercury; filled at 
still. Hermetically sealed with dry hy- 
drogen at 75 psi. Calibrated to Bur. 
Standards aceuracy. Priced 10% to 15% 

lower than competitive lines. 





E 
A. ~ Philadelphia Scientific Glass Co. 
Write! 21 Paletown Road. Quakertown, Pa. 





PORTABLE 
and STATIONARY 


To indicate 
RPM, FPM, YPM, etc. 
Bulletin No. 1048 
HERMAN H.STICHT CO.,INC. 
27 PARK PLACE, NEW YORK 7,N.Y. 
CIRCLE 152 ON READER-SERVICE CARD 











PYROTEL 


AUTOMATES « — 


HEATING PROCESSES 
Non contacting radiation pyrometer. For 
induction, resistance heating, etc. Models 
from 140°F, up, 
MASON DSSTRUMENT COMPANY 
P.O. Box 1681, G.P.O. New York I, N.Y. 
Repr. ‘inquiries invited. 








UB 
iMER 


Giant 8°" Dial 


oon LAB mavenval TIMER Automatic signalling 
wide range of 3600 pos- 





sible setting. 


GRA LAB MICRO TIMER 1/10 sec. or 1/1000 min. 
stop clock. Remote start stop control. Write for cate- 


leg. 

DIMCO-GRAY company 

212 E. SIXTH ST., DAYTON 2, OHIO 
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| integrate measured variables | 


on your present recorder 


ROYSON INTEGRATOR KIT 


FEATURES: 
e weapaies continuously while variable is being 


e eliminates error, extra cost as recorder’s servo 
is used. 


e provides up to 1000 counts per minute, 


extra contact every ten counts for dual pipping 
pen action. 
can be field installed on most recorders, 


e pipping pens and other readout devices are 
available, 


Write, wire or call for details. 


ENGINEERING 
OSborne 5-2800 


ROYSON 
Hatboro, Pa 
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SAVE FUEL DOLLARS 


WITH A 
PORTABLE FLUE GAS ANALYZER 
COMPLETE CO, READING SEND TO-DAY: 

and Oxygen Reading Complete facts on how to 
TAKES ONLY 20 SECONDS cave FUEL DOLLARS ond 


maintenance man_ heurs! 


atuanel, OBLIGATION 
Thenmeo ww Megrmoy US. #70 
CORPORATI ah humor, LAPORTE, INDIANA 
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fgptoctiions of Industrial 
Controls 


by A. L. Chaplin. "pH is a concentra- 
tion variable which responds to and 
is a measure of the effects of a chem- 
ical reaction .. . and follows a non- 
linear control relationship” presenting 
unique problems in pH control ap- 
plication. Clothbound, 144 pages, 
1950. $2.00 


Heat Inertia Problems of 
Automatic Control of 
Temperature 


by Victor Broida ... “fictitious mass" 
concept of heating process unit under 
automatic control. Paper, 61 pages, 
1950. $1.00 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pgh. 12, Pa. 
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EMPLOYMENT 





OPPORTUNITIES 








MIDWEST 
MANAGEMENT OPPORTUNITY 


Temperature measurement division of 
middle size corporation in midwest re- 
quires a man with technical background 
and sales ability to fill General Mana- 
ger's position. Plenty of growth oppor- 
tunity and incentive pay based on profits. 
Write Box #325, Instruments Publishing 
Co., 845 Ridge Ave., Pittsburgh, Pa. 











SALES AGENTS 
Eastern manufacturer supervisory control 
systems, data logging, telemetering sys- 
tems, special computers, all-electronic 
valve operators and electronic process 
controllers, desires sales agents west of 
Mississippi. Equipment market: process 
plants, pipelines, power grids, water and 
eyes grids and refineries. Write Box 











INSTRUMENTATION 
ENGINEERS 


Engineering degree and 3 years re- 
cent experience in operation, applica- 
tion, specification and selection of in- 
strumentation and electronic and pneu- 
matic controls for Refineries and Chem- 
ica] Plants. Openings in our Cleveland 
offices. 
Send detailed resume to: 
G. VICTOR HOPKINS 
ARTHUR G. McKEE & CO. 
2300 Chester Ave., Cleveland 1, Ohio 








FIELD ENGINEER FOR IN-PLANT 
INSTRUMENT CALIBRATION 

Engineer or technician experienced in 
checking and calibration of electrical 
instruments and test apparatus, pref- 
erably as used in electric wire and 
cable plants. Permanent, full time 
field work, substantial travel and 
heavy personal responsibility. Old line 
organization. Send resume and salary 
requirement to BOX NO. 377 IN- 
STRUMENTS & CONTROL SYSTEMS. 











The Electronic 
Control Handbook 


by Batcher and Moulic . . . presents 
electrical and electronic principles 
applicable to measurement and auto- 
matic control. Paper, 244 pages, il- 
lustrated, 1946. 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pgh. 12, Pa. 








engineers 


and 


seitentists 


LEEDS & NORTHRUP CO. 


. as a result of continued growth now has openings 
for college graduates at the Bachelor, Master’s and 
Doctoral level. Electrical, chemical, nuclear or physics 
degrees preferred. 


IF you enjoy doing creative work at a truly 
professional level and have 2 to 10 
years’ experience in: 

M™ MEASUREMENT & CONTROL 

OF INDUSTRIAL PROCESSES 

DATA PROCESSING 

ELECTRIC & STEAM POWER 

NUCLEAR REACTORS 

SERVOMECHANISMS 

ANALYTICAL INSTRUMENTATION 

TECHNICAL WRITING 

ANALOG & DIGITAL COMPUTERS 

SOLID STATE ELECTRONICS 


We would like to talk to YOU 
about openings in: 


* Research & | * Product 


Development Engineering 


¢ Sales | * Application 
Engineering Engineering 


-~------- Send Your Resume To ------------- - 


MR. WAYNE L. BESSELMAN 


Coordinator Of Technical Employment 


LEEDS & NORTHRUP CO. 


4850 Stenton Ave. e Philadelphia 44, Pa. 
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HARDNESS TESTING 


SCLEROSCOPE 
FOR TESTING 
THE HARDNESS 
OF METALS. 
PIONEER AMER- 
ICAN HARDNESS 
STANDARD. 
OVER 40,000 

IN USE. 

(ASTM A427) 


DUROMETER 
FOR TESTING 
THE HARDNESS 
OF RUBBER & 
RUBBER-LIKE 
MATERIALS 
(ASTM D676) 
(ASTM D1484) 


SHORE INSTRUMENT 


& MFG. CO., INC. 
90-35 VAN WYCK EXP. 
JAMAICA 35, N. Y. 
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TAURUS 
nO) OF | 3B 
CARD 
SENSORS 


Reads Entire 
Punched Card 
Statically 


Simple Switching Using 
Standard Punched Cards 


Taurus Punched Card Sensors statically 
read entire standard 1.B.M. or Remington 
Rand punched cards. 

Each hole position has a corresponding 
closed switch, and each unpunched hole 
position has a corresponding open 
switch when the Sensor is actuated. 
Used for Automatic Test Equipment and 
other automation devices. 

Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 
lated with Teflon’. “nec T.m, OF &. 1, OUPONT 


Write for FREE Descriptive Literature 


TAURUS Corporation 


8 CORVELL STREET 
LAMBERTVILLE, N.5. 
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For more information on any product mentioned, 
circle the corresponding number on the reader- 
service card at the right. 


This index is published as a service. Every care is taken to make tt ac- 
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Accelerator, 314 

Accelerometer, 217, 226 

A-f Shift Terminal, 103 

Air Dryer, 205, 242, 327, 
328 


Air Sampler, 210 

Amplifier, 236, 330 

Amplifier, D-c, 107 

An/Dig. Encoder, 211, 

24, 321 

Audio Response, 324 

Auto Collimator, 196 

Bimetal, 17 

Brake, 8 

Bridge, 213 

Cabinets, 274, 344 

Calibration Console, 3, 
6 


Camera, 185, 198, 243 
Capacitance Bridge, 


109 
Capacitor, 333, 335 
Card Reader, 158 
Chart Changer, 183 
Chromatograph, 162 
Clutches, 8 
Compressor, 237 
Computer, Analog, 75, 
77, 181, 281 
Computer, Digital, 79, 
194, 212, 216 
Conductivity Cell, 239 
Controller, 100, 279 
Corrosion, 263 
Counter, Electronic, 5, 
137, 195 
Counters, 12, 312 
Cryogenic, 342 
D/A Converters, 197, 
284 


Data Reduction, 320, 
331 


Data Search, 319 

Differential, 182 

Differential Pressure, 
27, 31, 84, 91, 238 

Differential Transformer, 
145 


Digital Modules, 36, 
106, 160, 174, 256, 278 

Digital Readout, 63, 
177, 191 

Electronic Parts, 116 

Engraver, 127, 131 

Environmental Chamber, 
21, 269, 272 

Feeder, 161, 166 

Flip Flop, 258, 260 

Flowmeter, 58 

Flowmeter, Mass, 67 

Flowmeter, 27, 104, 221, 
307, 308 

Force Gage, 48 

Frequency Converter, 
225 


Gaging, 135 
Gas Analyzer, 37, 110, 
229 


Gas Density, 300 
Gaussmeter, 178 
Gears, 339 

German Fair, 125 
Hardness Tester, 157 
Hot Plate, 247 
Housings, 275 
Hygrometry, 294 
Induction Heating, 82 
Instrument Lathes, 32 


Jewels, 133 
Laboratory Standard, 3, 
329 


Level, 30, 90 
Logic Circuitry, 23, 180, 
202 


Magnetic Tape, 22, 55, 
176, 287 
Manometer, 92, 175, 
227, 261, 302 
Memory, 76, 219, 318 
Microscope, 98 
Motor Control, 138 
Motor-Generator, 13 
Multiplier, 283 
Neon Lights, 4 
Noisemeter, 114, 337 
Ohmmeter, 244 
Optics, 118, 122, 130 
Oscilloscope, 10, 173, 
204 


Oxygen Indicator, 110, 
167 

Panel Lights, 4 

Periodic Chart, 77 

oH, 45, 223 

Pivots, 228 

Platinum Temp. Pickup, 
15 


Plier, 151 

Pneumatic Conveyor, 47 

Pneumatic Relay, 139 

Pneumatic Transmitter, 
7 


Positioning, 296 
Potentiometers, 2 
Power Supply, 13, 112, 
208, 235, 332 
Process Control, 338 
Pressure Controller, 25, 
26, 218 
Pressure Gage, 27, 39, 
52, 74, 88, 121, 124, 
128, 215, 252, 299, 303 
Pressure Standard, 87, 
2 


62 

Pressure Switch, 27, 28 

Pressure Control, 7, 20, 
27, 95, 218, 289, 291, 
297 

Pressure Transducer, 88, 
126, 301 

Printer, 72, 271, 322, 331 

Process Control, 29, 64 

Profile Monitor, 193 

Proaram Trainer, 23 

Proving Ring, 234 

Pulse Converter, 140 

Pulse Transformer, 169 

Pump, 309, 310 

Purge Meter, 51 

Pyrometer, 2, 93, 143, 
153 

Radar Computer, 171 

Radioactive, 270, 313 

Radiometer, 245 

Recorder, 18, 33, 34, 54, 
56, 60, 62, 83, 85, 96, 
199, 209, 220, 221, 
255, 267, 273, 280, 
288, 292, 325, 326, 
345 

Recording Charts, 115 

Recording Integrator, 
155 

Refractometer, 276 

Relays. 35, 41, 42, 101, 
139, 246, 323 


Resistor, 282, 336 
Rupture Disks, 14, 34! 
Scanner, 102 
Servo Board, 184 
Servo Transducer, 65 
Shift Register, 253 
Signal Generator, 117, 
2 


Signaling Controller, 
100 


Silver Platina, 16 
Solid State Circuits, 169 
Sorting, 120 
Spectrometer, 170 
Spectrophotometer, 286 
Speed, 83 
Stepping Switch, 12 
Stop Watch, 123, 277 
Switch, 108, 257, 300 
Tachometer, 146, 147, 
152, 311 
Tape Perforator, 317 
Tape Reader, 61, 265 
Tape Transport, 316 
Telemeter, 72 
Television Generator, 
163 
Temperature Alarm, 57 
Temperature Control, 
38, 44, 46, 71, 80, 97, 
132, 148, 165, 203, 
259, 291, 297, 306 
Temperature Recorder, 


113 

Terminal, 251, 285 

Thermocouple, 9, 40, 59, 
81, 142, 179, 201, 
214, 222, 230, 305 

Thermometers, 68, 113, 
132, 304 

Thermopile, 99 

Thermostat, 149 

Thickness, 340 

Timers, 154, 192, 240, 
277, 290 

Tube Fittings, 50 

Tubing, 19, 94, 105 

Type Faces, 343 

UHF Wavemeter, 127 

Ultrasonic Cleaner, 24, 
43 


Vacuum, 26, 233 
Valve Operator, 295 
Valve, Ball, 11, 70, 190 
Valve, Control, 69, 159 
Valve, Needle, 119 
Valve, Relief, 20 
Valve, Solenoid, 53, 129 
Valves, 66, 206, 241, 
254, 264, 298 
Variable Speed, 134 
Variable Transformer, 
164 
Viscosity, 141 
Vibration Pickup, 89, 
114 
Voltage Comparator, 


78, 86 
Voltmeter, 86, 111, 160, 


266 
Wave Analyzer, 315 
Waveguide Chart, 334 
Weighing, 136, 231 
Well Testing, 172 
Wire, 144, 268, 336 
Wire Stripper, 150, 201, 

232 


X-Y Plotter, 1, 73 


Valid only: in U.S. and Canada; If filled out completely; Until 6-1-60 


Valid only: in U.S. and Canada; If filled out completely; Until 6-1-60 














Company 
City 




















Principal Product of Your Plant 





Principal Product of Your Plant ... 





0 Check for address change. Show OLD address here: 





w OLD address here: 


[] Check for address change. Sho 
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it's our nickle... 


use it to get 
the additional 
data you want 
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When the postman delivers 
your READER SERVICE 

card to us, Uncle Sam rings up 
a 5c sale for service rendered. 


Our punched card facility takes 
over from there—speeds your 
requests to the manufacturers 

at no cost to you. 


J 


ool “On LINER 


‘Vd ‘WOUNGSLL 
SSvV18 L88i4a 








for more data on 
products advertised 


or reported editorially 


1. CIRCLE THE NUMBER, on the 
card at the left, that corres- 
ponds to the number appearing 
with the advertisement, new 
product description or new man- 
ufacturer's literature. 


. PRINT YOUR NAME, title, com- 
pany, address, etc. clearly. Un- 
readable cards defy even 
punched card machines! 
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NOTE: If indicating change of address, be 
sure to also show OLD address. 
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Now... 

Hammel -Dahl 
offers 

4 split body 
valve types.. 

14 interchangeable 
actuators 





... the first complete line of 
split body valves with 
interchangeable pneumatic, 
electric, electro-hydraulic 
and manual actuators. 


And you get more capacity in these 
advanced split body designs. A 
variety of interchangeable actua- 
tors provide optimum flow control 
under any conditions. Standardi- 
zation reduces engineering and 
maintenance costs too. Check your 
classified directory for your local 
Hammel-Dahl representative or 
General Controls Faetory Branch 
Office. Or write for a new brochure 
on the split body line. 


Specifications 

Sizes: 1” — 8” 

Connections: 150 to 1,500 Ib. ASA 
flanged. Screwed or welding ends 


through 2”. Separable or integral 
flanges. 


Bodies: Carbon steel, 316 SST, 
nodular iron, bronze or any 
castable alloy. 


Trim: Materials and characteristics 
as specified. 


Face-to-Face: |.S.A. Standard —all 
sizes on ‘‘S’’ and “‘SL’’ bodies — 
through 4” size on “Y"’ and “YL” 
bodies. Non-standard face-to-face 
also available. 


“S" STYLE BODY 


“SL” STYLE BODY 
90° ANGLE FLOW 


POSITIONING 
PISTON 
ACTUATOR 
(pneumatic) 


aN 
ON-OFF \ 


PISTON 
ACTUATOR 
(pneumatic) 


DIAPHRAGM ACTUATOR 
WITH SIDE-MOUNTED 
HANDWHEEL 
“Y" STYLE BODY 
“YL" STYLE BODY 
135° ANGLE FLOW 


MANUAL 
ACTUATOR 


SIDE-MOUNTED 
HANDWHEEL 


Manufacturers of Control Valves and Allied Equipment 


‘¥ HAMMEL-DAHL D/IV/S/ION 
Me GENERAL CONTROLS 


WARWICK INDUSTRIAL PARK, WARWICK, RHODE ISLAND 
REPRESENTATIVES IN PRINCIPAL CITIES OF UNITED STATES, CANADA AND EUROPE 
CIRCLE 159 ON READER-SERVICE CARD 





NOW, pick only the parameters you need, order by model number! 


MODEL 648 


MODEL 640 DC Volts ‘Ratio With Electrical Outputs 


OC Voits/ OC Ratios 


is | 
gf * ae , 
MODEL 641 MODEL 649 
OC Volts /DC Ratios / Resistance OC Voits (OC Ratios ‘Resistance 
With Electrical Outputs 


Low cost ‘a | 
all-electromic © ew" <--9i 
totally-transistorized 


DIGITAL 


Now in a single 514” or 834”x 19” panel 
Digital Multimeters for measuring any 
combination of AC/DC volts, AC/DC 
ratios, and resistance, with new pre-amps 
for higher sensitivities, optional electrical sa 

output and print command capabilities! OC vits mati Oc Pre Amoi oC Ve chechiesl Gowan 


fb» 


MODEL 653 
s Ratio Resistance /OC Pre-Amplifier 
With £ ) 





MODEL 654 
Ratio/AC Voits DC Pre-Amplifier 


trical Outputs 


50 readings per second, average 

inline “‘SUPER-NIXIE” readouts 
0.01% accuracy 

1000 megohm input impedance 
Automatic, manual and remote ranging 
Automatic polarity » ii ae _ ve samy a@0fE 885 
Twin Zener diode internal reference a cad Pre-Amplifier With Electrica! Outputs 

Front panel sensitivity control 

Etched circuits, plug-in card construction Many variations of these basic models including AC ratiometers, milli- 
Will operate directly in multi-point scanning ohmmeters, microvoltmeters and specialized measuring instruments 
and print-out data logging systems without tailored to individual systems requirements are available in the same 


oe ne 43 P physical configurations. Ask your EI sales office or representative for 
any additional circuitry or auxiliary equipment. complete nastlenions today! 


Electro instruments, inc. 822605". 
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